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a O n l y t h e h i g h e s t a lp h a e n e r g y i s l i s t e d ,
p e r c e n t a g e s h o w n i s f o r i n d i c a t e d d e c a y p a t h
b O n ly t h e m o s t p r e v a l e n t b e t a m a x i m u m e n e r g y i s l i s t e d ,
p e r c e n t a g e s h o w n i s f o r i n d i c a t e d d e c a y p a t h
c P e r c e n t a g e s ho w n i s fo r g a m m a e m i s s i o n s p e r d e c a y
P o - p o lo n i u m , P b - l e a d , B i - b i s m u t h
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U w a s p r e s e n t a t t h e f o r m a t i o n o f t h e e a r t h
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s c r u s t a n d b e c a u s e o f i t ' s l o n g h a l f - l if e ,
4 4 6 8 X 10 y r , it i s p r e s e n t t o d a y U i s p r e s e n t in a l l r o c k s , b e t w e e n 1 a n d 3 p p m o n
a v e r a g e , a n d i s p r e s e n t i n s o i l t o t h e s a m e e x t e n t a s it i s p r e s e n t i n t h e r o c k f r o m w h i c h t h e
s o i l w a s f o r m e d S o m e v o l c a n i c r o c k , g r a n i t e , d a r k s h a l e s , s e d im e n t a r y r o c k s c o n t a i n i n g
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p h o s p h a t e a n d m e t a m o r p h i c r o c k s d e r i ^ ' e d fr o m t h e s e r o c k s c o n t a i n n p t o 10 0 p pm U
F u r t h e r d o w n t h e u r a n i u m s e r i e s , R n i s f o r m e d b y t he a l p h a d e c a y o f R a T h e a l p ha
d e c a y o f
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R a im p a r t s m o m e n t u m t o b o t h t h e r a d o n a t o m a n d t h e a l p h a p a r t i c l e
D e p e n d in g u p o n t h e l o c a t i o n o f t he
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R a w it h i n t h e m i n e r a l g r a i n , t h e r a d o n a t o m m a y b e
e j e c t e d i n t o t h e i n t e r s t i t i a l p o r e s p a c e b e t w e e n t h e m i n e r a l g r a i n s o r i t m a y r e m a i n
e mb e d d e d w it h i n t h e m i n e r a l g r a in (U . S G e o l o g i c a l Su r v e y )
Si n c e r a d o n i s a g a s , o n c e fr e e fr o m t h e m i n e r a l g r a i n i t c a n t r a v e l t hr o u g h t h e s o il T h e
a b i l i t y o f t h e r a d o n t o t r a v e l i s i n f lu e n c e d b y t he m o i s t u r e c o n t e n t o f t h e s o i l , t h e p o r o s i t y
o f t h e s o i l a n d t h e p e r m e a bi l i t y o f t h e s o i l t o e i t h e r a i r o r w a t e r R a d o n c a n t r a v e l m u c h
f a r t h e r d i st a n c e s b e f o r e d e c a y i n g t h r o u g h fr a c t u r e s i n t h e g r o u n d t h a n w o u l d b e p o s s i b l e
t hr o u g h a n e q u iv a l e n t p o r o u s m e d i a G r o u n d w a t e r v e l o c i t i e s t h r o u g h fr a c t u r e s y s t e m s
c a n r a n g e fr o m m e t e r s t o t e n s o f m e t e r s o e *
" d a y a l lo w i n g h i g h R n c o n c e n t r a t i o n s t o
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p e r s i s t d o w n s t r e a m f r o m R n so u r c e s I t i s t h e v a r i a t i o n i n t h e R n di s t r ib u t i o n i n t h e
g r o u n d a s w e l l a s t h e v a r i a t i o n i n f l o w t h r o u g h fr a c t u r e s y st e m s s u p p l y i n g i n d iv i d u a l w e l l s
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t h a t c o n t r i bu t e s t o t he v a r i a t i o n i n R n c o n c e n t r a t i o n o b s e r v e d b e t w e e n w e l l s V a r i a t i o n
i n t h e fl o w t hr o u g h fr a c t u r e s y s t e m s s u p p ly i n g in d i v i du a l w e l l s c o n t r i bu t e s t o t h e v a r i a t i o n
i n R n c o n c e n t r a t i o n o b s e r v e d a t i n d iv i d u a l w e l l s it e s (F o l g e r e t a l 1 9 9 6 )
S a f e D r i n k i n g W a t e r A c t
T h e n a t i o n a l p r im a r y dr i n k i n g w a t e r s t a n d a r d f o r r a d o n p r o p o s e d p r i o r t o t he e n a c t m e n t
o f t h e S a f e D r i n k i n g W a t e r A c t A m e n dm e n t o f 19 9 6 h a s b e e n w it h d r a w n T h e S a f e
D r i n k i n g W a t e r A c t A m e n dm e n t o f 1 9 9 6 r e q u i r e s t h a t a p r im a r y d r i n k i n g w a t e r s t a n d a r d
fo r r a d o n b e d e t e r m i n e d a s f o l l o w s :
1 A r i s k a s s e s s m e n t f o r r a d o n w i l l b e p r e p a r e d b y T h e N a t i o n a l A c a d e m y o f Sc i e n c e s
u s i n g t h e b e s t a v a il a b l e s c i e n c e T h e p e e r r e v ie w e d a s s e s s m e n t w i l l c o n s i d e r t h e r i s k s
a s s o c i a t e d w i t h e x p o s u r e t o r a d o n f r o m d r i n k i n g w a t e r St u d i e s o n t h e h e a l t h e f fe c t s
o f r a d o n a t r e s i d e n t i a l e x p o s u r e l e v e l s w i l l b e c o n s i d e r e d
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,
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A s s o c i a t e d w i t h t h e a b o v e t w o a c t i v i t i e s , a n a l y s e s w i l l b e p e r f o r m e d t o d e t e r m i n e t h e
b e n e fi t fi - o m t h e h e a l t h r i s k r e d u c t i o n a n d t h e c o s t r e q u i r e d t o c o m p l y w i t h t h e m a x im u m
c o n t a m i n a n t le v e l b e i n g c o n s i de r e d f o r r a d o n T h i s a n a l y s i s w i l l b e p u b l i s he d a n d p u b l i c
c o m m e n t w i ll b e s o u g ht T h e a n a l y s i s w il l i n c l u d e ;
1 H e a l t h r i s k r e d u c t i o n b e n e fi t s a s a r e s u lt o f t r e at m e n t t o c o m p l y w it h t h e l e v e l a n d
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l e v e l
4 T h e e f f e c t s o f t h e c o n t a m i n a n t o n t h e g e n e r a l p o p u l a t i o n a n d o n g r o u p s w i t h i n t h e
g e n e r a l p o p u la t i o n i d e n t ifi e d a s b e in g a t g r e a t e r ri s k t o t h e c o n t a m i n a n t t h a n t he
g e n e r a ! p o p u la t i o n
5 D e t e r m i n a t i o n o f a n y in c r e a s e d h e a l t h ri s k s a s s o c i a t e d w i t h c o m p l i a n c e w i t h t h e l e v e l
6 A n a n a ly s i s o f t h e h e a lt h ri s k r e d u c t i o n b e n e fi t s a n d c o s t s a s s o c i a t e d w it h t h e
t r e a t m e n t t e c h n i q u e , a s w e ll a s a h e m a t i v e t r e a t m e n t t e c h n i q u e s
S t u d y O b j e c t i v e s
T h e o bj e c t iv e s o f t h i s s t u dy w e r e t o c o n t i n u e t h e lo n g t e r m , hi s t o ri c a l s a m p l i n g o f 1 1 o f
t h e 14 s i t e s s a m p l e d b y D r a n e T h e g o a l o f t he l o n g t e r m s a m p li n g w a s t o d e t e r m i n e , a t
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c o n c e n t r a t i o n f o r t h a t w e l l T h e s i t e s n o t s a m p l e d by t hi s s t u d y w e r e s i t e s 1 , 2 a n d 3
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T w o s e t s o f s p e c i a l s t e s t s w e r e p e r f o r m e d Sp e c i a l T e s t s 1 t h r o u g h 3 e x a m i n e d t h e
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R n c o n c e n t r a t i o n o v e r a n e i g h t h o u r pe ri o d t o d e t e r m i n e , i f p o s s ib l e , t h e
s o u r c e o f a p r e v i o u s ly o b s e r v e d sh o r t t e r m t r e n d b e t w e e n t h e fi v e s e q u e n t i a l s a m p l e s
c o l l e c t e d a t W e l l Si t e # 5 Sp e c i a l T e st s 4 a n d 5 w e r e p e r f o r m e d t o c o m p a r e t h e s l o w - fl o w
s a m p l i n g m e t h o d , u s e d a t U N C , t o t h e p r o p o s e d E P A s a m p l i n g m e t h o d , E P A M e t h o d
9 1 3 0 (D r a f t) , f o r d e t e r m i n in g t h e R n c o n c e n t r a t i o n i n d ri n k i n g w a t e r A s p a r t o f
S p e c i a l T e s t 5 t h e d e c r e a s e i n R n c o n c e n t r a t i o n in u n c a p p e d s c in t i l l a t i o n v ia l s w a s
e x a m i n e d t o b e g i n t o e x p l o r e p o s s ib l e s o u r c e s o f R n l o s s i n t he s a m p l in g p r o c e s s
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A l i t e r a t u r e r e v i e w w a s p e r f o r m e d t o d e t e r m i n e i f o t li e r s t u di e s h a d b e e n c o n du c t e d t o
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e x a m in e t h e l o n g t e r m v a r i a t i o n i n R n c o n c e n t r a t i o n a t in d i v i du a l w e l l s i t e s
H i g h t o w e r ( 1 9 9 4 ) , Y o r k ( 19 9 5 ) a n d D r a n e ( 1 9 9 6 ) a r e t h r e e r e c e n t s t u d i e s e x a m i n i n g t h e
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R n in w e l l w a t e r a n d a r e t h e p r e c u r s o r s t o t h e w o r k p e r f o r m e d
h e r e i n H i g h t o w e r
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s s t u d y e x a m i n e s t h e t em p o r a l v a r i a t i o n i n R n c o n c e n t r a t i o n a t f o u r
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m o n t h p e r i o d Y o r k
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s s t u dy e x a m in e s t h e t e m p o r a l v a n a t i o n m R n c o n c e n t r a t i o n a t t e n
w e l l s i t e s i n F r a n k l i n
,
W a k e , O r a n g e a n d C h a t h a m c o u n t i e s o v e r a n 1 1 m o n t h p e r i o d
D r a n e c o n s o l i d a t e s t h e r e s u l t s o f t h e t w o p r e v i o u s r e s e a r c h e r s , H i g h t o w e r a n d Y o r k , a n d
a d d s f o u r a d d i t i o n a l w e l l s i t e s t o t h e s t u dy , s a m p l i n g t h e w e ll s f o r p e r i o d s o f t w o t o s e v e n
m o n t h s D r a n e c o n c lu d e s t h a t o f t h e 1 , 4 6 8 s a m p l e s fi r o m t h e t hr e e s t u d i e s 9 7 p e r c e n t o f
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F a r a i a n d S a n n i ( 1 9 9 2 ) r e p o r t e d s m a l l t e m p o r a l v a r i a t i o n s i n w e l l w a t e r R n
c o n c e n t r a t i o n s i n a n i n d i v id u a l w e l l s a m p l e d t h r e e t i m e s a w e e k , f r o m N o v e mb e r 1 9 8 7 t o
O c t o b e r 19 8 8 T h e a v e r a g e R n c o n c e n t r a t i o n w a s r e p o r t e d t o b e 4 0 0 p C i/ L w i t h a
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s t a n d a r d d e v i a t i o n o f 3 8 p C i/ L T h e a u t h o r s a t t r i b u t e d t h e R n fl u c t u a t i o n s t o r a i n f a l l
a c t iv i t y
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W a t s o n a n d M i t s c h ( 19 8 7 ) e x a m i n e d t h e R n c o n c e n t r a t i o n i n w e l l w a t e r s a m p l e s f r o m
f o u r r e s e a r c h w e ll s o n a q u a r t e r ly b a s i s f o r n i n e m o n t h s N o m a j o r c h a n g e s i n r a d i u m o r
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i d e n t i fy a n y l o n g t e r m v a r i a t i o n s i n R n w e l l w a t e r c o n c e n t r a t io n
Sim o n e s e t a l ( 1 9 8 8 ) p e r f o r m e d a s t u d y e x a m i n i n g s h o r t t e r m t im e v a r i a t i o n s i n w e ll
w a t e r R n c o n c e n t r a t i o n s M o n t hl y s a m p l e s w e r e o b t a i n e d fi
'
o m 2 0 w e ll s l o c a t e d i n t h e
G e o r g i a P i e d m o n t f r o m D e c e m b e r 19 8 7 t o F e b r u a r y 19 8 8 N o p a t t e r n o f v a r i a t i o n i n
R n c o n c e n t r a t i o n s w e r e id e n t i fi e d a n d t h e a u t h o r s t e n t a t iv e l y c o n c l u d e
"
t h e r e m a y n o t
b e a n y s h o r t t e r m t im e v a r i a t i o n i n r a d o n a c t i v it i e s in g r o u n d w a t e r s
"
D a v i s & W a t s o n ( 1 9 9 0 ) a n d D il l o n e t a l ( 1 9 9 1 ) a r e t w o a d d i t i o n a l s t u d i e s i n w hi c h d a t a
a r e p r o v i d e d d o c u m e n t i n g t h e r e s u l t s o f w e ll w a t e r s a m p l i n g fi
-
o m a n u m b e r o f w e ll s
s a m p l e d r e p e t it i v e l y o v e r t im e I t sh o u l d b e n o t e d , h o w e v e r , t h a t t h e s t a t e d o bj e c t iv e o f
b o t h s t u d i e s w a s n o t t o e x a m i n e t h e t e m p o r a l v a r i a t i o n o f t h e
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R n c o n c e n t r a t i o n i n w e l l
w a t e r A s s u c h
,
n e it h e r s t u dy p r o v i d e d a c o n c l u s i o n ab o u t t h e t e m p o r a l s t a b i l i t y o f t he
^ ^ ^
R n c o n c e n t r a t i o n i n t h e w e l l w a t e r s a m p l e d a t a D a v i s «& W a t s o n
'
s ( 19 9 0 ) o b t a i n e d
w e l l w a t e r s a m p l e s f r o m s i x d i f fe r e n t w e l l s o v e r a s ix m o n t h p e r i o d fi
-
o m M a r c h t hr o u g h
A u g u s t o f 1 9 8 8 T he s i x w e l l s h a d b e e n d r i l l e d in t h e s a m e g r a n i t e p l u t o n T h e s a m p l e
r e s u l t s i n d i c a t e d t h a t t he
^ ^ " ^
R n c o n c e n t r a t i o n i n t hr e e o f t h e s i x w e l l s a p p e a r e d t o b e f a i r ly
c o n s t a n t T h e s a m p l e d
^ ^ ^
R n c o n c e n t r a t i o n s i n t h e t h r e e r e m a i n i n g w e l l s e x h i b i t e d m o r e
v a r i a t i o n
s a m p l e s
,
b u t w it h n o c o n s i s t e n t p a t t e r n o f v a r i a t i o n i n t h e R n c o n c e n t r a t i o n o f t h e
D i l l o n e t a l ( 1 9 9 1 ) m e a s u r e d t h e R n c o n c e n t r a t i o n i n w e l l w a t e r s a m p l e s fr o m 2 8 3
w e l l s l o c a t e d i n t h e G e o r g i a P i e d m o n t O n e g r a b s a m p l e w a s t a k e n s o m e t im e b e t w e e n
O c t o b e r 19 8 7 a n d Se p t e mb e r 1 9 8 8 fr o m 2 7 8 o f t h e 2 8 3 w e l l s T w o s a m p l e s w e r e
o b t a i n e d fr o m t h e r e m a in i n g fi v e w e l l s , w it h t hr e e t o t h i r t e e n m o n t h s e l a p s e d t im e b e t w e e n
s a m p l e s Sa m p l e r e s u l t s fr o m t w o o f t h e fi v e w e l l s s a m p l e d t w ic e e x h i b it e d i d e n t i c a l w e ll
w a t e r ^^ ^R n c o n c e n t r a t i o n s b e t w e e n t he t w o s a m p l e s T h e r e m a in i n g t hr e e w e l l s h a d w e ll
w a t e r
^ ^ ^
R n c o n c e n t r a t i o n s t h a t di f f e r e d b y a s m u c h a s a fa c t o r o f t w o b e t w e e n t h e t w o
s a m p l e s
Sa m p l i n g M e t h o d s C o m p a r i s o n
A l it e r a t u r e r e v i e w w a s a l s o p e r f o r m e d t o d e t e r m i n e i f o t h e r s t u d i e s h a d b e e n c o n d u c t e d
t o c o m p a r e s a m p l i n g m e t h o d s fo r t h e d e t e r m i n a t i o n o f R n c o n c e n t r a t i o n i n w e l l w a t e r
F o r t h e p u r p o s e s o f t h i s r e v i e w
"
s a m p l in g m e t h o d s
" i n c lu d e s t h e p r e p a r a t i o n o f t h e
s c i n t i l l a t i o n v i a l s i n t h e l a b o r a t o r y , o bt a i n i n g t h e l iq u i d s a m p l e a t t h e w e ll s it e , a n d t h e
p r o c e s s i n g o f t h e s a m p l e u p o n r e t u r n t o t h e l a b o r a t o r y u p u n t i l t h e p o i n t t h a t t h e s a m p l e i s
p l a c e d i n t h e L SC o r o t h e r m e a s u r e m e n t d e v ic e B e l l o n i e t a l ( 1 9 9 5 ) a n d K i t t o e t a l
( 19 9 6 ) p r o v i d e c o m p a r i s o n s o f s a m p l i n g m e t h o d o l o g i e s , h o w e v e r b o t h c o m p a r e m e t h o d s
t o m e a s u r e t h e a c t iv i t y o n c e t h e s a m p l e h a s b e e n o b t a i n e d B e l l o n i e t a l p e r f o r m
c o m p a r i s o n s b e t w e e n l i q u i d s c i n t i l l a t i o n c o u n t i n g , L u c a s c e l l a l p h a - s c i n t i l l a t io n c o u n t i n g
a n d g a mm a c o u n t i n g o f r a d o n d a u g ht e r s i n a M a r i n e l l i b e a k e r K i t t o e t a l p e r f o r m
c o m p a r i s o n s b e t w e e n l i q u i d s c in t i l l a t i o n c o u n t i n g , L u c a s c e l l a l p h a - s c i n t i l l a t io n c o u n t i n g
a n d a lp ha - s c i n t i ll a t i o n c o u n t in g u s i n g a p o r t a b l e i n s t r u m e n t (P y lo n ) N e i t h e r s t u dy
c o m p a r e s m e t h o d s u s e d t o o bt a in s a m p l e s a t t he s a m p l e s o u r c e N o o t h e r r e l e v a n t s t u d i e s
w e r e id e n t i fi e d
T y p e s o f S e a r c h e s C o n d u c t e d f o r L i t e r a t u r e R e v i e w
I n a n e f f o r t t o a i d fi i t u r e r e s e a r c h e r s a b r i e f d e s c r i p t i o n i s pr o v i d e d o f t h e t w o m a in
s c i e n t ifi c l i t e r a t u r e d a t a b a s e s s e a r c h e d f o r t h e l it e r a t u r e r e v i e w pe r f o r m e d h e r e i n , a s
f o l l o w s :
G e o R e F
G e o R e f i s p r o d u c e d by t h e A m e r i c a n G e o l o gi c a l I n s t i t u t e a n d th e e n t ir e d a t a b a s e c o n t a i n s
e n t r i e s fr o m 17 8 5 t o t h e p r e s e n t d a t e , a l t ho u gh th e di s k c o n t a i n i n g d a t a fr o m 19 8 8 t o
S e p t e mb e r 19 9 5 , G E O R E F D i s c 3 , w a s u s e d f o r t h e s e a r c h e s h e r e i n G e o R e f c o v e r s
i n t e r n a t i o n a l l i t e r a t u r e o n g e o l o g y a n d g e o s c ie n c e s i n c l u d i n g t h e B ib l i o g r a p hy o f N o r t h
A m e r i c a n G e o l o g y ( 17 8 5 - 1 9 70 ) ,
B ib l io g r a p h y o f T h e s e s i n G e o l o g y ( 19 6 5 - 1 9 6 6 ) , B i b li o g r a p h y a n d I n d e x o f G e o l o g y
E x c lu s i v e o f N o r t h A m e ri c a ( 1 9 3 3 - 19 6 8 ) , G e o p h y s i c a l A b s t r a c t s ( 1 9 6 6 - 1 9 7 1 ) , a n d t h e
B ib l io g r a p hy a n d I n de x o f G e o l o g y ( 19 6 9 t o d a t e ) .
C A R L U n C o v e r
C A R L U n C o v e r i s p r o d u c e d b y t h e C o l o r a d o A l l i a n c e o f R e s e a r c h L i b r a ri e s a n d c o n t a i n s
c u r r e n t a r t i c l e a n d t a b le o f c o n t e n t s i n f o r m a t i o n t a k e n fr o m 15
,
0 0 0 j o u r n a l s i n m a n y
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M E T H O D O L O G Y
2 2 2 ,
L o n g T e r m S t u d y o f V a r i a t i o n o f R n C o n c e n t r a t i o n i n W e l l W a t e r
E l e v e n w e l l s w e r e s a m p l e d fo r t hi s s t u dy T hi s s t u dy c o n t i n u e d t h e s a m p l in g o f w e l l s
p e r fo r m e d b y D r a n e , w i t h t h e e x c e pt i o n o f t h e w e l l s i n F r a n k l i n a n d W a k e C o u n t i e s
(D r a n e w e l l s 1 , 2 a n d 3 ) T h i s p o r t i o n o f t h e r e s e a r c h e x a m i n e d t h e l o n g t e r m v a r i a t i o n o f
t h e r a d o n c o n c e n t r a t i o n b y s a m p l i n g t h e w e l l s o n a p p r o x i m a t e ly a m o n t h l y b a s i s , a lt h o u g h
w i t h s o m e e x c e p t i o n s , a s s h o w n i n T a b l e 2 , b e l o w :
T a b l e 2 : S a m p l e R u n D a t e s
Sa m p le R u n
N u m b e r
D a t e
0 2 /0 9 / 9 6
0 3 /0 2 / 9 6
0 3 /0 8 / 9 6
0 3 / 3 0 /9 6
0 6 / 0 5 / 9 6
F i v e s e qu e n t i a l s a m p l e s w e r e o b t a i n e d a t e a c h w e l l s it e du r i n g e a c h s a m p l e r u n Sa m p l e s
w e r e o bt a i n e d u s i n g t h e s l o w - fl o w m e t h o d , d e s c r i b e d b e l o w , a n d t h e n r e t u r n e d t o t h e
la b o r a t o r y f o r a n a l y s i s
Sl o w - fl o w M e t h o d
T h e o bj e c t iv e o f a n y s a m p l i n g m e t h o d i s t o o bt a i n a r e p r e s e n t a t i v e s a m p l e i n a r e a s o n a b le
c o s t - e f f e c t i v e m a n n e r Si n c e t h e g o a l o f
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R n s a m p l i n g o f d r i n k i n g w a t e r i s t o d e t e r m i n e
t h e R n a c t i v i t y p e r u n i t v o l u m e o f l i q u i d , a r e p r e s e n t a t iv e s a mp l e i s o b t a i n e d by
m i n im i z i n g l o s s o f r a d o n g a s fr o m t h e l i qu i d s a m p l e a n d p r e v e n t i n g t h e di l u t i o n o f t he
l i q u i d s a m p l e b y t he a d d it i o n o f a n o n - r e p r e s e n t a t iv e l i q u id
A s di s c u s s e d p r e v i o u s ly , t h e w e l l i s fi r s t pu r g e d f o r t e n m i n u t e s t o d i s p l a c e t h e v o lu m e o f
s t a n d i n g w a t e r i n t h e w e l l p i p i n g I t i s a s s u m e d t h a t t h e s t a n d i n g w a t e r c o n t a in s a n o n -
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s l o w l y fl o w i n g s t r e a m o f w a t e r i s o bt a i n e d I t i s d e s i r a b l e t o o b t a i n a fl o w r a t e t h a t i s
s t e a d y , l a m i n a r a n d s u c h t h a t w h e n t h e v i a l i s fi l l e d n e i t he r s c i n t i l l a t i o n fl u i d n o r w a t e r i s
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l o s t f r o m t h e v i a l O n c e t h e d e s i r e d f l o w r a t e i s e s t a b l i s h e d t h e v i a l i s fi l l e d by h o l d in g t h e
v i a l a t a p p r o x im a t e ly a 4 5
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a n g l e a n d a l l o w i n g t h e fl o w i n g w e l l w a t e r t o fl o w d o w n t h e
i n s i d e w a l l o f t h e v i a l a n d p o o l u n d e r t he s c i n t i ll a t i o n fl u i d T h e v i a l i s fi l l e d u n t i l t h e t o t a l
v o l u m e o f w a t e r a n d s c i n t i l l a t i o n fl u i d r e a c h e s t o j u s t b e l o w t he u p p e r n e c k o f t h e
s c i n t i l l a t i o n v i a l T h e v i a l i s t h e n r e m o v e d fi o m t he fl o w i n g w a t e r a n d c a p p e d D u r i n g
c o l d w e a t he r c a r e s h o u l d b e t a k e n i n t i g ht e n i n g t h e c a p o n t o t h e v i a l a s t he t hr e a d e d
p o r t i o n o f t h e v i a l m a y b e c o m e b r i t t l e a n d b r e a k o f f
D e t a i l e d M e t h o d o l o g y
T h e s a m p l i n g s e qu e n c e f o r e a c h r u n c o n s i s t e d o f t h e f o l l o w i n g s t e p s :
A c t i o n s p e r f o r m e d a t r a d i o l o g i c a l l a b o r a t o r y p r i o r t o S a m p l e R u n :
1 O bt a i n fi v e 2 3 m i l l i l it e r s c in t i l l a t i o n v i a l s a n d c a p s fo r e a c h w e ll t o b e s a m p l e d
2 0 m i l l i l it e r b o r o s i l i c a t e g l a s s v i a l s
w hi t e u r e a c a p s , c o n e sh a p e d p l a s t i c l i n e r s
F i s h e r 0 3 - 3 3 7 - 7
2 F i l l e a c h s c i n t il la t i o n v i a l b y p i p e t t e w i t h 10 m i l l i l it e r s o f m i n e r a l o i l s c i n t i l l a t i o n fl u i d
a n d t h e n c a p t h e v i a l
H i g h E ffi c i e n c y M in e r a l O i l S c i n t i l l a t o r F lu i d
P a c k a r d N o 6 N E 9 5 7 9 (2 5 l i t e r s )
2 0 m i l l il i t e r R E P I P E T
F i s h e r 13 - 6 8 7 - 2 1
3 M a r k c a p w i t h u n i q u e n u m e r ic a l d e s i g n a t o r c o r r e s p o n d in g t o w e l l n u m b e r a n d
s e q u e n c e n u m b e r u s i n g p e rm a n e n t i n k m a r k e r
4 W e i g h e a c h fi ll e d a n d c a p p e d s c i n t i ll a t i o n v i a l a n d r e c o r d p r e - w e i g h t o n Sa m p l e R u n
D a t a S he e t
N o t e : T h e p r e - w e i g h t i s t h e w e i g h t o f t h e s c i n t i l l a t i o n v i a l , t h e c a p a n d t h e 10
m i l l il it e r s o f s c i n t i l l a t i o n fl u i d
A c t i o n s pe r f o r m e d a t e a c h w e l l s it e du r i n g Sa m p l e R u n :
1 O n a r r i v a l a t w e ll s i t e d e t e r m i n e i f w e l l p u m p i s r u n n i n g
I f w e l l p u m p i s n o t m r m i n g t he n :
2 St a r t p u m p b y m a n u a ll y a c t u a t i n g l o w p r e s s u r e s w i t c h o r b y d r a i n i n g s u fi c i e n t w a t e r
t o a c t u a t e l o w p r e s s u r e sw i t c h a u t o m a t i c a l l y
3 O n c e w e l l p u m p h a s s t a r t e d , p u r g e w e l l f o r t e n m i n u t e s
4 O b t a in fi v e s e q u e n t i a l s a m p l e s u s i n g t he s l o w - fl o w t e c h n i q u e a n d r e c o r d t im e a t w h i c h
e a c h o f t h e 5 s a m p l e s a r e o b t a in e d o n S a m p l e R u n D a t a Sh e e t
N o t e : A t t h i s p o i n t t h e v i a l s c o n t a i n 1 0 m i l l i li t e r s o f s c i n t il l a t i o n fl u i d a n d
a p p r o x im a t e l y 1 0 m i ll i l i t e r s o f w e l l w a t e r a n d a r e c a p p e d a s t h e fi n a l s t e p o f t h e
s l o w - fl o w t e c h n i q u e T h e v i a l s a r e n o t o p e n e d a g a i n a t a n y l a t e r t im e i n t h e
a n a l y s i s p r o c e d u r e T hi s m i n im i z e s a n y p o t e n t i a l l o s s o f r a d o n fi
'
o m t h e v i a l s
5 R e s t o r e w e l l s i t e t o a s - f o u n d c o n d i t i o n
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s e c u r e v a l v e s p r e v i o u s l y o p e n e d b y c l o s i n g
t h e m
,
t u r n o f f l ig h t , l o c k d o o r
6 T r a n s p o r t t h e s a m pl e s t o t h e r a d i o l o g i c a l h y g i e n e l a b o r a t o r y
I f u p o n a r r i v a l a t w e l l s i t e w e l l p u m p i s r u n n i n g t h e n :
2 I f i t i s i n t h e j u d g e m e n t o f t h e r e s e a r c h e r t ha t t h e p u m p ha s b e e n r u n n i n g l o n g e r t ha n
1 0 m i n u t e s
, p e r f o r m a b o v e St e p s 4 , 5 a n d 6 T h i s i s d e t e r m i n e d by c o m p a r in g t h e w e l l
w a t e r t a n k p r e s s u r e w i t h t h e lo w p r e s su r e s w i t c h s e t t i n g t h a t a c t u a t e s t h e w e ll pu m p
I f i t i s in t h e j u d g e m e n t o f t h e r e s e a r c he r t h a t t h e p u m p h a s n o t b e e n r u n n i n g l o n g e r
t h a n 10 m i n u t e s o r i t c a n n o t b e d e t e r m i n e d h o w l o n g t h e p u m p h a s b e e n r u n n i n g ,
p e r f o r m a b o v e St e p s 3 , 4 , 5 a n d 6
A c t i o n s p e r f o r m e d a t r a d io l o g i c a l l a b o r a t o r y a ft e r Sa m p l e R u n :
1 W e i g h e a c h s c i n t i l l a t i o n v i a l a n d r e c o r d p o s t - w e ig h t o n Sa m p l e R u n D a t a Sh e e t
N o t e : T h e p o s t - w e i g ht i s t h e w e i g ht o f t he s c in t i l la t i o n v ia l , t h e c a p , t h e 10 m i l l i l i t e r s
o f s c i n t i l l a t i o n fl u i d a n d t h e a p p r o x im a t e l y 1 0 m i l l i l it e r s o f w e l l w a t e r T h e
d if f e r e n c e i n t h e p r e - w e i g ht a n d t h e p o s t - w e i g ht o f e a c h v i a l i s t h e m a s s o f t he
w e ll w a t e r i n t h e v i a l T h e c o r r e s p o n d i n g w e ll w a t e r v o l u m e i s u s e d o n c e t h e
a c t iv i t y o f e a c h s a m p l e i s d e t e r m i n e d t o c a l c u l a t e t h e r a d o n c o n c e n t r a t i o n o f
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n u m b e r o f s a m p l e s t a k e n a t t h e b e g i n n i n g o f t h e s a m p l e s e q u e n c e T h e s a m p l e s e qu e n c e f o r
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li q u i d s a mp l e a t t he w e l l s it e , a n d p r o c e s s in g t h e s a m p l e u p o n r e t u r n t o t h e l a b o r a t o r y u p u n t i l
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s a m p l e s W e l l Si t e # 10 w a s c h o s e n f o r t h e f o l l o w i n g r e a s o n s :
1 Se c o n d h i g h e s t a v e r a g e R n c o n c e n t r a t i o n o f t h e 1 1 w e l l s i t e s
2 2 2
2 L o w e s t s t a n d a r d d e v i a t i o n o f t h e fi v e hi g he s t a v e r a g e R n c o n c e n t r a t i o n s i t e s
S p e c i a l T e s t # 4
T hi s t e st c o m p a r e d th e s a mp l e c o l l e c t i o n m e t h o d o l o gy d e v e l o p e d a t U N C v e r s u s t h e
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t h e r e i s a n i n c r e a s i n g t r e n d i n t h e R n c o n c e n t r a t i o n U s i n g t h e r e g r e s s i o n l in e a s a
p r e d i c t o r i t c a n b e e s t im a t e d t h a t o v e r t h e o n e h o u r p e r i o d t h a t t h e R n c o n c e n t r a t i o n
w o u l d i n c r e a s e by 144 p C i / L , e q u i v a l e n t t o a r a t e o f 2 4 p C i/ L p e r m i n u t e
B a s e d o n t h e o b s e r v a t i o n i n t he f o u r h o u r , s ix ho u r a n d e i g ht h o u r s a m p l e s o f a
2 2 2
p r o n o u n c e d d e c r e a s e m R n c o n c e n t r a t i o n , o v e r e a c h o f t h e t w e n t y m i n u t e s a m p l i n g
in t e r v a l s . S p e c i a l T e s t # 3 w a s d e s i g n e d t o i d e n t if y t h e e x p l a n a t i o n f o r t h e d e c r e a s e
4 8
F I G U R E 2 0 : S P E C IA L T ES T # 1 R E S U L T S
TW O H O U R P U M P O P E RA T IO N
2 5 0 0
20 0 0










2 1 0 0 0
5 0 0
O M N- V 5 M N
j \ ^/ x -^ 30 M IN^ 45 M IN7 5 M I N
0 5 M N
S A M P L E #
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s p e c i a l T e s t # 2
I n t hi s t e s t t h e w e l l pu m p w a s o p e r a t e d f o r e i g ht h o u r s Six t y s a m p le s w e r e o b t a i n e d o v e r
t h e e i g h t ho u r s a m o li n g p e r i o d i n t h e s e qu e n c e a s s h o w n o n F i gu r e 3 T h i s w a s d o n e t o
s e e i f t h e s a m p le R n c o n c e n t r a t i o n w o u l d d e c r e a s e o v e r a n e i g ht ho u r p e r i o d o f
c o n t i n u o u s p u m p o p e r a t i o n Sim i l a r t o t h e r a t i o n a l e f o r Sp e c i a l T e s t # 1, if a d e c r e a s i n g
t r e n d w e r e t o b e o b s e r v e d i n
^ ^ ^
R n c o n c e n t r a t i o n it w o u l d s u p p o r t t he t h e o r y t h a t p o s s ib l y
w a t e r w a s b e i n g d r a w n f r o m a r e a s o f h i g h e r R n c o n c e n t r a t i o n n e a r t h e p u m o s u c t i o n
2 2 2
a n d t h a t a s t h e p u m p i n g c o n t i n u e d w a t e r w a s t he n dr a w n fr o m a r e a s o f l o w e r R n
c o n c e n t r a t i o n
7 7 7
F ig u r e 2 1 s h o w s t h e m e a s u r e d R n c o n c e n t r a t i o n o f e a c h o f t h e s i x t y s a m p le s L i n e a r
2 2 2
r e g r e s s i o n a n a l y s i s o f t h e d a t a y i e l d s t h e c o n c lu s i o n t h a t t h e s a m p l e R n c o n c e n t r a t i o n
d e c r e a s e d a s a fu n c t i o n o f p u m p r u n t im e , t h i s c o n c l u s i o n i s r e a c h e d w i t h a g r e a t e r t h a n
9 9 9 9 % c o n fi d e n c e l e v e l (p < 0 0 0 0 1 ) U s i n g t he r e g r e s s i o n l i n e a s a p r e d ic t o r i t c a n b e
e st im a t e d t h a t o v e r a n e i g ht h o u r p e r i o d t h a t t h e
^ ^^
R n c o n c e n t r a t i o n w o u l d b e r e du c e d b y
3 8 0 p C i/ L , e q u i v a l e n t t o a r a t e o f - 0 8 p C i/ L p e r m i n u t e W e l l Si t e # 5 h a d a 19 9 6 a v e r a g e
7 7 7
R n c o n c e n t r a t i o n o f 19 3 7 p C i/ L , t hu s t h e e i g h t ho u r t r e n d w o u l d r e p r e s e n t a lm o st a
2 2 2
2 0 % r e du c t i o n m R n c o n c e n t r a t i o n
2 2 2
I t I S t h e v a r i a t i o n i n t h e R n di s t r i b u t i o n i n t h e g r o u n d a s w e ll a s t h e v a n a t i o n i n f lo w
t h r o u g h f r a c t u r e s y s t e m s s u p p ly i n g i n d iv i d u a l w e l l s t h a t c o n t r ib u t e s t o t h e v a r i a t io n i n
7 7 2
R n c o n c e n t r a t i o n o b s e r v e d b e t w e e n w e l l s V a r i a t io n in t he fl o w t h r o u g h fr a c t u r e
2 2 2
s y s t e m s su p p l y i n g i n d iv i d u a l w e l l s c o n t r i bu t e s t o t h e v a r i a t i o n i n R n c o n c e n t r a t i o n
o b s e r v e d a t i n d iv i du a l w e l l s i t e s (F o l g e r e t a l 19 9 6 ) A s s u m i n g t h a t t h e in - g r o u n d
^ ^ ^
R n
d i s t r i b u t i o n d o e s n o t c h a n g e a p p r e c i a b l y o v e r e i g h t ho u r s , t h e c h a n g e i n R n
c o n c e n t r a t i o n o b s e r v e d in Sp e c ia l T e s t # 2 m i g ht p o s s ib l y b e e x p l a i n e d b y t h e c h a n g e i n t h e
w a t e r fl o w r a t e t hr o u g h t h e u n d e r g r o u n d f r a c t u r e s y s t e m s u p p l y i n g t h e w e l l c a u s e d b y t h e
o p e r a t i o n o f t h e w e l l p u m p T hi s e x p la n a t i o n c a n o n l y su gg e s t a r e a s o n fo r a c h a n g e i n
t he R n c o n c e n t r a t i o n o b s e r v e d i n t he w e l l w a t e r s a m p l e s , t h e e x p l a n a t i o n f o r t h e
d e c r e a s i n g t r e n d i n t h e c o n c e n t r at i o n i s a s y e t u n e x p l a in e d
I t s ho u l d b e n o t e d t h a t p r e v i o u s s a m p l i n g o f t h i s w e l l , c o n d u c t e d f o r t h e p u r p o s e s o f t he
l o n g t e r m s a m p l i n g p r o g r a m , o b t a i n e d fi v e s a m p l e s a t a t im e i n a tw o o r t hr e e m in u t e
p e r i o d (Y o r k 19 9 5 , D r a n e 1 9 9 6 ) I t i s u n l i k e l y t h a t a 0 8 p C i/ L p e r m i n u t e d o w n w a r d
t r e n d c o u l d ha v e b e e n i d e n t if i e d w i t h fi v e s a m p l e s i n t hr e e m i n u t e s c o n s i d e r i n g t h a t t h e
st a n d a r d d e v i a t i o n f o r W e l l Si t e # 5 i n 1 9 9 6 w a s 4 6 8 p C i /L A l t h o u g h it c a n b e c o n c lu d e d
w it h a h i g h c o n fi d e n c e l e v e l (p < 0 0 0 0 1 ) t h a t t h e W e l l Si t e # 5 Sp e c i a l T e s t # 2 r e s u l t s
7 7 7
s h o w a n u n e x p la i n e d d o w n w a r d t r e n d in t h e s a m p l e R n c o n c e n t r a t i o n a s a fi a n c t i o n o f
p u m p r u n t im e , t h i s t r e n d i s n o t l a r g e e n o u g h t o h a v e b e e n o b s e r v e d by pr e v i o u s
r e s e a r c h e r s S p e c i a l T e s t # 1 di d i d e n t i fy a l a r g e d o w n w a r d s ho r t t e r m t r e n d , a s m u c h a s
7 6 p C i/ L p e r m i n u t e a t t h e e i g ht h h o u r o f s a m p l i n g S p e c i a l T e s t # 3 w a s d e s i g n e d t o
a t t e m pt t o i d e n t i fy t h e s o u r c e o f t h e l a r g e s h o r t t e r m t r e n d s e e n i n Sp e c i a l T e s t # 1 , a s
d i s c u s s e d o n t h e f o l l o w i n g p a g e
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P a g e 5 1
S p e c i a l T e s t # 3
T o d e t e r m i n e i f t h e a p p a r e n t r e d u c t i o n i n r a d o n c o n c e n t r a t i o n o b s e r v e d in t h e s a m p l e s
c o ll e c t e d d u r i n g t h e fo u r t h , s ix t h a n d e i g ht h h o u r o f Sp e c i a l T e s t # 1 w a s r e a l o r s o m e s o r t
o f s a m p l in g a r t i f a c t , t h e p a t t e r n o f Sp e c i a l T e s t # 1 w a s r e p e a t e d w i t h t h e n u m b e r o f
s a m p l e s i n c r e a s e d fr o m s i x t y t o n i n e t y A d di t i o n a l s a m p l e s w e r e a d d e d t o t h e e n d o f e a c h
i n d i v i d u a l s am p l e s e q u e n c e a t t h e f o u r t h , s i x t h a n d e i g h t h ho u r t o p r o v i d e b e t t e r
r e s o l u t i o n , s i n c e t h e d o w n w a r d t r e n d o b s e r v e d i n Sp e c i a l T e s t # 1 w a s m o r e p r o n o u n c e d
a t t he e n d o f t h e s a m p l e s e q u e n c e s a t t h e fo u r t h a n d e i g h t h h o u r Sim i l a r t o Sp e c i a l T e s t
# 1
,
i n Sp e c i a l T e s t # 3 t h e w e l l p u m p w a s o p e r a t e d f o r t w o h o u r s a n d t h e n t he p u m p w a s
o p e r a t e d f o r t w e n t y m i n u t e s a t t w o h o u r in t e r v a l s f o r a t o t a l s a m p l in g p e r i o d o f e i g ht
h o u r s N i n e t y s a m p le s w e r e o b t a i n e d o v e r t h e e i g h t h o u r s a m p li n g p e r i o d i n t h e s e qu e n c e
a s s h o w n o n F i gu r e 4 . F i g u r e 2 2 s h o w s t h e m e a s u r e d R n c o n c e n t r a t i o n o f e a c h o f t h e
n i n e t y s a m p l e s
T h e s a m p l e fl o w r a t e w a s v a r i e d in Sp e c ia l T e s t # 3 t o d e t e r m i n e i f t h e s a m p l i n g m e t h o d
w a s i n fl u e n c i n g th e o b s e r v e d R n c o n c e n t r a t i o n T h e d i f fe r e n c e in t h e s a m p l e fl o w r a t e s
b e t w e e n Sp e c i a l T e s t # 1 a n d Sp e c i a l T e s t # 3 w a s a s f o l l o w s :
1 I n S p e c i a l T e s t # 1 t h e s a m p l e v a l v e w a s a dj u s t e d t o a c h ie v e a s u i t a b l e s a m p l e fl o w
a n d
,
o n c e a dj u s t e d , w a s l e ft a t t h a t p o s i t i o n f o r t h e t im e r e q u i r e d t o o b t a i n e i t he r t h e
fi v e o r t e n s a m p l e s i n t h e i n di v i d u a l s a m p l e s e q u e n c e
2 I n Sp e c i a l T e s t # 3 t h e s a m p l e v a l v e w a s c o n t i n u o u s ly a dj u s t e d t o a c h i e v e a s u it a b l e
s a m p l e fl o w d u r in g t h e t im e p e r i o d r e q u i r e d t o o bt a i n t h e 1 5 s a m p l e s in t h e i n d i v i d u a l
s a m p le s e qu e n c e
T h i s a dj u s t m e n t in t h e s a m p l e p r o c e d u r e w a s m a d e b e c a u s e it w a s o b s e r v e d du r i n g S p e c i a l
T e s t # 1 t h a t a s t h e s a m p l e s e q u e n c e p r o g r e s s e d t h e s a m p l e fl o w r a t e d im i n i s he d
A d d i t i o n a l ly , it w a s o b s e r v e d t h a t t h e c h e m i c a l m e t e r i n g p o i n t i n t o t h e w e l l w a t e r
d i s t r ib u t i o n s y s t e m w a s u p s t r e a m o f t h e s a m p l e p o i n t a n d i t w a s p o s t u l a t e d t h a t t h e
r e d u c t i o n i n s a m p le fl o w r a t e m i g h t c a u s e s o m e o f t h e m et e r e d w at e r t r e a t m e n t c h e m i c a l
s o l u t i o n t o d i l u t e t h e s a m p l e , t h u s lo w e r i n g t h e s a m p le c o n c e n t r a t i o n W e l l Si t e # 5 u s e s a
s o d i u m h y p o c h l o r i t e s o l u t i o n m i x e d w it h w a t e r i n a 5 0 g a l l o n p l a s t i c t r a s h c a n a n d a
p o s i t i v e - d i s p l a c e m e n t c h e m i c a l m e t e r i n g p u m p t o i n j e c t t h e s o l u t i o n i n t o t h e p o t a b l e w a t e r
s y s t e m , u p s t r e a m o f t h e s a m p l e p o i n t
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L i n e a r r e g r e s s i o n a n a l y s i s w a s p e r f o r m e d o n t h e Sp e c i a l T e s t # 3 d a t a t o d e t e r m i n e i f t he r e
i s a n in c r e a s e o r de c r e a s e i n t h e s a m p l e
^ ^
R n c o n c e n t r a t i o n o v e r t he e i g ht h o u r t e s t
p e r i o d T h e r e g r e s s i o n l i n e w a s a l s o t e s t e d a g a i n s t t h e h y p o t h e s i s t ha t t h e s l o p e o f t h e l i n e
i s z e r o T h e d a t a w a s t e s t e d in t hr e e p a rt s :
A n a l y s i s o f a l l 9 0 d a t a p o i n t s - e i g h t h o u r s :
S p e c i a l T e s t # 3 w a s p e r f o r m e d s i m i l a r l y t o Sp e c i a l T e s t # 1 , t h e w e l l p u m p w a s o p e r a t e d
fo r t w o h o u r s a n d t h e n t h e pu m p w a s o p e r a t e d f o r t w e n t y m i n u t e s a t t w o ho u r in t e r v a l s a t
t h e f o u rt h
,
s i x t h a n d e i g ht h h o u r f o r a t o t a l s a m p l i n g p e r i o d o f e i g h t h o u r s N i n e t y
s a m p l e s w e r e t a k e n , 4 5 in t h e fi r st t w o h o u r s a n d 4 5 o v e r t h e n e x t s ix h o u r s a s s h o w n o n
F i g u r e 4 L i n e a r r e g r e s s i o n a n a l y s i s o f t h e d a t a o v e r t h e e i g ht ho u r p e r i o d y i e l d s t h e
c o n c l u s i o n t h a t t h e s a mp l e R n c o n c e n t r a t i o n i n c r e a s e d a s a f u n c t i o n o f t im e , t h i s
c o n c l u s i o n i s r e a c h e d w i t h a g r e a t e r t h a n 9 9 9 9 % c o n f i d e n c e l e v e l (p < 0 0 0 0 1 ) , t h e
hy p o t h e s i s t ha t t h e s l o p e o f t h e l i n e i s z e r o w a s r e j e c t e d U s in g t h e e i g h t h o u r r e g r e s s i o n
li n e a s a p r e d i c t o r i t c a n b e e s t im a t e d t h a t o v e r t h e e i g h t h o u r p e r i o d t h a t t he R n
c o n c e n t r a t i o n i n c r e a s e d b y 2 10 p C i/ L , e q u i v a l e n t t o a r a t e o f + 0 4 4 p C i/L p e r m i n u t e
A n a l y s i s o f fi r s t 4 5 da t a p o i n t s - fi r st t w o h o u r s o f e i g ht h o u r p e r i o d :
S p e c i a l T e s t # 3 o b t a i n e d 4 5 s a m p l e s i n t h e fi r s t t w o ho u r s , d u r i n g w hi c h t im e t h e w e l l
p u m p w a s i n c o n t i n u o u s o p e r a t i o n L i n e a r r e g r e s s i o n a n a l y s i s o f t h e d a t a o v e r t h e t w o
h o u r p e r i o d y i e l d s t h e c o n c l u s i o n t ha t t h e s a m p l e R n c o n c e n t r a t i o n d e c r e a s e d a s a
fi j n c t i o n o f t im e w h i l e t h e p u m p w a s i n o p e r a t i o n T hi s c o n c l u s i o n i s r e a c h e d w it h a
g r e a t e r t h a n 9 8 8 % c o n fi d e n c e l e v e l (p = 0 0 1 14 ) , t h e h y p o t h e s i s t ha t t h e s l o p e o f t h e l i n e
i s z e r o w a s r e j e c t e d U s i n g t h e r e g r e s s i o n li n e fo r t h e fi r s t t w o h o u r s a s a p r e d i c t o r i t c a n
b e e s t im a t e d t h a t o v e r t he fi r s t t w o h o u r s o f t h e e i g h t ho u r t e s t t h a t t h e R n
c o n c e n t r a t i o n d e c r e a s e d b y 9 6 p C i/ L , e q u iv a l e n t t o a r a t e o f - 0 8 p C i/ L p e r m i n u t e N o t e
t h a t t hi s i s t h e s a m e r a t e o b s e r v e d d u r i n g t h e e n t i r e e i g ht h o u r p e r i o d o f Sp e c i a l T e s t # 2 i n
w hi c h t h e w e l l p u m p w a s i n c o n t i n u o u s o p e r a t i o n
A n a l y s i s o f s e c o n d 4 5 d a t a p o i n t s - l a s t s ix h o u r s o f e i g h t h o u r p e r i o d :
S p e c i a l T e s t # 3 a l s o o b t a i n e d 4 5 s a mp l e s i n t h e l a s t s ix h o u r s o f t h e t e s t , du r i n g w h i c h
t im e t h e w e l l p u m p w a s o p e r a t e d o n l y d u r i n g t h e t h r e e 2 0 m i n u t e p e r i o d s e v e r y t w o h o u r s
w h e n s a m p l e s w e r e t a k e n L i n e a r r e g r e s s i o n a n a l y s i s o f t h e d a t a o v e r t h e s i x ho u r p e r i o d
y i e l d s t h e c o n c l u s io n t h a t t h e s a m p l e R n c o n c e n t r a t i o n i n c r e a s e d a s a fi m c t i o n o f t i m e
T h i s c o n c l u s i o n i s r e a c h e d w i t h a g r e a t e r t ha n 9 9 9 9 % c o n f i d e n c e l e v e l (p < 0 0 0 0 1 ) , t h e
hy p o t he s i s t h a t t h e s lo p e o f t h e l i n e i s z e r o w a s r e j e c t e d U s i n g t h e r e g r e s s i o n l i n e f o r t he
la s t s i x h o u r s a s a p r e d ic t o r i t c a n b e e s t i m a t e d t h a t o v e r t h e la s t s ix h o u r s o f t he e i g h t
2 2 2
h o u r t e s t t h a t t he R n c o n c e n t r a t i o n i n c r e a s e d b y 8 0 p C i/ L , e q u i v a l e n t t o a r a t e o f + 0 2 2
p C i/ L p e r m i n u t e
5 4
T h e t h e o r y t h a t t h e s a m p l e fl o w r a t e w a s d i lu t e d in Sp e c i a l T e s t # 1 b y th e w a t e r t r e a tm e n t
s o l u t i o n , i s b o r n e o u t b y t h e l a c k o f a l a r g e d o w n w a r d t r e n d i n t h e s a m p l e c o n c e n t r a t i o n i n
S p e c i a l T e s t # 3 , a s c a n b e s e e n i n F ig u r e 2 2 T h e d e c r e a s i n g t r e n d o b s e r v e d i n Sp e c i a l
T e s t # 1 w a s n o t o b s e r v e d i n Sp e c i a l T e s t # 2 b e c a u s e t h e i n d i v i du a l s a m p le s e q u e n c e i n
Sp e c i a l T e s t # 2 o n l y c o n s i s t e d o f fi v e s a m p l e s in a t w o m i n u t e t i m e p e r i o d T h e t r e n d w a s
o n l y o b s e r v e d i n Sp e c i a l T e s t # 1 w h e n t h e s a m p l e s e q u e n c e s hi ft e d fi
"
o m fi v e s a m p l e s i n
t w o m i n u t e s t o 1 0 s a m p l e s i n 2 0 m i n u t e s f o r t h e f o u r t h , s i x t h a n d e i g ht h h o u r s a m p l e s
T h e l o n g e r t im e a t a c o n s t a n t v a l v e s e t t i n g i n S p e c i a l T e s t # 1 f o r t h e 2 0 m i n u t e s a m p l e
s e q u e n c e s r e s u l t e d i n e n o u g h r e d u c t i o n in s a m p l e fl o w f o r t h e di l u t i o n e f e c t o f t h e w a t e r
t r e a t m e n t c h e m i c a l fl o w t o b e e a s i ly s e e n
P r e v i o u s r e s e a r c he r s h a d s p e c u l a t e d t h a t t h e o b s e r v e d t r e n d s i n t h e W e l l Si t e # 5 s a m p l e
c o n c e n t r a t i o n d u r i n g a n i n d iv i d u a l s a m p le r u n m i g h t b e e x p l a i n e d b y i n a d e q u a t e p u r g i n g
(Y o r k ) o r t h a t p o s s i b ly w a t e r w a s b e i n g d r a w n fr o m a r e a s o f hi g h e r R n c o n c e n t r a t i o n
n e a r t h e p u m p s u c t i o n a n d t h a t a s t h e p u m p i n g c o n t i n u e d w a t e r w a s t h e n d r a w n fr o m
a r e a s o f l o w e r R n c o n c e n t r a t i o n
,
fi j r t h e r a w a y (D r a n e ) C o n s id e r i n g t h a t t h e w a t e r
t r e a tm e n t c he m i c a l i n j e c t io n p o i n t i s u p s t r e a m o f t h e s a m p l e p o i n t f o r W e l l Si t e # 5 a n d t h e
r e s u l t s o f S p e c i a l T e s t s # 1 , # 2 a n d # 3 , e v i d e n c e s t r o n g ly s u g g e s t s t h a t t h e p r e v i o u s l y
o b s e r v e d t r e n d s a r e d u e t o a s a m p li n g a r t i f a c t a s s o c i a t e d w i t h s a m p l e di l u t i o n a n d n o t d u e
t o i n a d e q u a t e p u r gi n g o r v a r i a t i o n i n g r o u n dw a t e r R n c o n c e n t r a t i o n s i n t h e v i c i n it y o f
t h e pu m p s u c t i o n T hi s i s o f p a r t i c u l a r s i g n i fi c a n c e a s it il l u s t r a t e s ho w t h e d r i n k i n g w a t e r
s y s t e m c o n f i g u r a t i o n a n d t h e s am p l e t e c hn i q u e c a n in fl u e n c e t h e s a m p l e c o n c e n t r a t i o n
A l t h o u g h p r e v i o u s r e s e a r c h e r s r e p o r t e d o b s e r v i n g t r e n d s i n t h e W e l l Sit e # 5 d a t a , t h e s e
t r e n d s w e r e o b s e r v e d in s a m p l e s e q u e n c e s t h a t w e r e p e r f o r m e d o v e r a t w o t o t h r e e m i n u t e
t im e p e r i o d L in e a r r e g r e s s i o n a n a l y s i s a n d h y p o t h e s i s t e s t i n g o f t h e d a t a do s h o w c l e a r
t r e n d s
,
d e c r e a s i n g R n c o n c e n t r a t i o n w hi l e t h e w e l l p u m p i s i n o p e r a t i o n a n d i n c r e a s i n g
R n c o n c e n t r a t i o n w h i l e t h e w e l l p u m p i s i n t e r m i t t e n t ly o p e r a t e d H o w e v e r , t h e
o b s e r v e d t r e n d i s a t a s l o w e n o u g h r a t e , l e s s t h a n 1 0 p C i/ L p e r m i n u t e , t ha t t h e t r e n d s
c o u l d n o t h a v e b e e n o b s e r v e d in a s a m p l e s e qu e n c e t a k e n o v e r a t w o t o t hr e e m i n u t e
i n t e r v a l I t i s c o n c lu d e d th a t p u m p o p e r a t i o n a p p e a r s t o c h a n g e t h e w e l l w a t e r s a m p l e
^ ^ ^
R n c o n c e n t r a t i o n a t a r a t e l e s s t h a n 1 0 p C i/ L pe r m i n u t e , a l t ho u g h t h e m e c h a n i s m i s
n o t k n o w n B y c o m p a r i s o n o f t he d i f e r e n c e i n t he s a m p l e m e t h o d s a n d t h e s a m p l e r e s u l t s
b e t w e e n Sp e c i a l T e s t # 1 a n d Sp e c i a l T e s t # 3 i t i s c o n c lu d e d t h a t , a t l o w s a m p l e fl o w r a t e s ,






a p p a r e n t r e du c t i o n i n s a m p l e R n c o n c e n t r a t i o n t ha t w o u l d b e o b s e r v a b l e i n a t w o t o
t hr e e m i n u t e s a m p l e s e q u e n c e
2 2 2
E P A v s . U N C C o m p a r i s o n o f R n S a m p l i n g M e t h o d o l o g i e s
S p e c i a l T e s t # 4 a n d Sp e c i a l T e st # 5 w e r e p e r f o r m e d t o c o m p a r e t h e s l o w - f l o w s a m p l in g
m e t h o d o lo gy d e v e l o p e d a t U N C v e r s u s t he p r o p o s e d E P A s a m p l in g m e t h o d o lo g y
S p e c i a l T e s t # 4
T h e r e s u l t s o f t hi s t e s t s e e m t o i n d i c a t e t h a t t he E P A m e t h o d r e s u l t s i n s o m e s a m p l e l o s s
2 2 2
v e r s u s t h e U N C s l o w - fl o w m e t h o d T hi s c a n b e s e e n b y t h e c o n s i s t e n t l y h i g h e r R n
c o n c e n t r a t i o n o f t h e 2 0 U N C s a m p l e s v e r s u s t h e 2 0 E P A s a m p le s , i n F ig u r e 2 3 T h e n u l l
h y p o t h e s i s t ha t t h e t w o g r o u p s o f d a t a h a v e t h e s a m e p o p u l a t i o n m e a n i s t e s t e d a g a i n s t t h e
a l t e r n a t e hy p o t h e s i s t h a t t h e t w o gr o u p s h a v e d i f f e r e n t p o p u la t i o n m e a n s T h i s t e s t w a s
p e r f o r m e d b y a o n e - w a y a n a l y s i s o f v a r i a n c e u s i n g a n F t e s t t o e x a m i n e t h e v a r i a n c e
w i t h i n t h e g r o u p s v e r s u s t h e v a r i a n c e b e t w e e n g r o u p s T h e r e s u l t s o f t h e o n e - w a y
a n a ly s i s o f v a r i a n c e i n d i c a t e t h a t t h e r e i s su f fi c i e n t e v i d e n c e t o r e j e c t t h e n u l l hy p o t h e s e s
(p < 0 0 0 0 1 ) I t c a n b e s t a t e d t ha t t h e t w o g r o u p s h a v e d i f f e r e n t p o pu l a t i o n m e a n s , a t a
c o n fi d e n c e l e v e l o f a p p r o x im a t e ly 9 9 99 %
T h e 2 0 E P A s a m p l e s w e r e o b t a i n e d a n d p r o c e s s e d u s i n g a de t a i l e d s a m p li n g p r o c e d u r e
b a s e d o n t h e g u i d e l i n e s c o n t a i n e d i n E P A M e t ho d 9 13 0 (D r a ft ) R e v i e w o f t h e s a m p l e
p r o c e d u r e u s e d f o r t h i s t e s t i d e n t i fi e d t h e f o l l o w i n g p o s s ib l e s o u r c e s o f s a m p l e l o s s :
1 T h e e m p t y s a mp l e v i a l s i n t h e E P A m e t ho d w e r e p r e - w e i g h e d a n d t h e n p o s t -
w e i g h e d o n c e t h e e x c e s s w a t e r s a m p l e h a d b e e n r e m o v e d f r o m t h e v i a l T h i s w a s
d o n e t o d e t e r m i n e t h e s a m p l e v o l u m e
2 T h e s a m p l e s i n t h e E P A m e t h o d w e r e p r o c e s s e d fi v e - a t - a - t im e , t hu s t h e i n d iv i d u a l
v ia l s w e r e o p e n fo r a l o n g e r l e n g t h o f t im e t h a n ha d t h e v i a l s b e e n p r o c e s s e d o n e -
a t - a - t im e
E P A M e t h o d 9 13 0 (D r a ft ) w a s r e v i e w e d b a s e d o n t h e a b o v e a n d i t w a s c o n c l u d e d t h a t
t h e s a m p l e v o l u m e s c o u l d a l s o b e d e t e r m i n e d b a s e d o n t h e v o l u m e o f w a t e r w i t h d r a w n
f r o m a f i i l l v i a l
,
a s s u m i n g t h e fu l l v i a l c o n t a i n e d 2 3 m i l li l i t e r s o f w a t e r I t w a s a l s o d e c i d e d
t h a t t h e v i a l s s h o u l d b e p r o c e s s e d o n e - a t - a - t im e F r o m t h i s r e - e x a m i n a t i o n o f t h e d e t a i l e d
s a m p l e p r o c e du r e d e v e l o p e d he r e i n a n d r e v i e w o f t h e E P A m e t h o d g u i d e l i n e s it w a s
d e t e r m i n e d t h a t t h e m e t h o d t h a t w o u l d r e s u lt i n t h e m i n im i z a t i o n o f t h e l o s s o f t h e
c o n t a m i n a n t w o u l d be o n e t h a t r e s u l t e d in l e s s h a n d li n g o f t h e s a m p l e w it h t h e v i a l o p e n
5 6
F ig u r e 2 3 : S P E C IA L T E S T #4 R E S U L T S
E PA v s . U N C SA M P L E M ET H O D C O M PA R IS O N
3 a x )
2 5 0 0










1 5 0 0
1 0 0 0
5 0 0
S A M P L E #
- * — U N C S A M P L E S 1 - 2 0
- ■ — E P A S A M P L E S 1 - 2 0
P a g e 57
B a s e d o n t h e r e s u lt s o f S p e c i a l T e s t # 4 t h e d e t a i l e d s a m p l i n g p r o c e d u r e d e s i gn a t e d E P A








m i n im i z e d t h e le n g t h o f t im e t h a t t h e
s a m p l e v i a l w a s o p e n t o t h e a ir b y d e t e r m i n i n g t h e s a m p l e v o l u m e t h r o u g h r e m o v i n g a
k n o w n v o l u m e o f w a t e r b y s y r i n g e f r o m t h e s a m p l e v i a l a n d a s s u m i n g t h e t o t a l s a m p le v i a l
v o l u m e w a s 2 3 m i l l i l it e r s E P A M e t h o d " B " d e t e r m i n e d t h e s a m p l e v o l u m e t h r o u g h p r e -
w e i g h i n g t h e e m p t y s a m p l e v i a l s a n d t h e n p o s t - w e i g hi n g t h e s a m p l e v i a l s o n c e t h e e x c e s s
w a t e r s a m p l e h a d b e e n r e m o v e d fr o m t h e v i a l I n bo t h m e t h o d s t h e v i a l s a r e p r o c e s s e d
o n e - a t - a - t i m e T h e E P A m e t h o d u s e d f o r Sp e c i a l T e s t # 4 w a s t h e r e f o r e a v a r i a n t o f E P A
M e t ho d " B " s i n c e t he E P A m e t h o d v i a l s w e r e p r o c e s s e d fi v e - a t - a - t im e i n Sp e c i a l T e s t # 4
5 8
Sp e c i a l T e s t # 5
T h e r e s u lt s o f t h i s t e s t s e e m t o i n d i c a t e t h a t t h e r e w a s l it t l e d i f f e r e n c e b e t w e e n t h e U N C








T hi s c a n be s e e n by t h e n e a r l y i d e n t i c a l r e s u l t s
f o r t h e t hr e e m e t h o d s a s sh o w n i n F i g u r e 2 4 T he n u l l hy p o t h e s i s t h a t t h e t hr e e g r o u p s o f
d a t a a l l h a v e t h e s a m e p o p u l a t i o n m e a n i s t e s t e d a g a i n s t t h e a l t e r n a t e h y p o t h e s i s t ha t a t
l e a s t t w o g r o u p s ha v e d if f e r e n t p o p u la t i o n m e a n s T h i s t e s t w a s p e r f o r m e d b y a o n e - w a y
a n a l y s i s o f v a r i a n c e u s i n g a n F t e st t o e x a m i n e t he v a r i a n c e w i t h i n t h e g r o u p s v e r s u s t h e
v a r i a n c e b e t w e e n g r o u p s T h e r e s u lt s o f t h e o n e - w a y a n a l y s i s o f v a r i a n c e in d i c a t e t h a t
t h e r e i s i n s u fl Bc i e n t e v i d e n c e t o r e j e c t t h e n u l l h y p o t he s e s (p = 0 4 9 ) A l t e r n a t iv e ly , i t c o u ld
b e s t a t e d t h a t a t l e a s t t w o g r o u p s h a v e d i f e r e n t p o p u l a t i o n m e a n s , b u t a t o n l y a
c o n fi d e n c e l e v e l o f a p p r o x im a t e l y 5 0 %
I n Sp e c i a l T e s t # 4 t h e r e w a s a n a p p a r e n t d i f e r e n c e f o r t h e t w o s e t s o f r e s u l t s , b e t w e e n t h e
U N C s l o w - fl o w m e t h o d a n d th e v a r i a n t o f E P A M e t h o d " B " Sp e c i a l T e s t # 5 d i d n o t
sh o w a n y a p p a r e n t di f e r e n c e b et w e e n e i t he r t h e U N C m e t h o d a n d E P A M e t h o d
" A " o r
t h e U N C m e t h o d a n d E P A M e t h o d " B " O n e p o s s ib l e c o n c l u s io n m a y b e t h a t b y r e d u c i n g
t h e l e n g t h o f t im e t ha t t h e s a m p l e v i a l s w e r e o p e n t o t h e a i r b y h a n d li n g t h e E P A m e t h o d
v i a l s o n e - a t - a - t im e i n Sp e c i a l T e s t # 5 v e r s u s fi v e - a t - a - t im e i n Sp e c i a l T e s t #4 c o n t r i bu t e d
t h e m o s t i n r e d u c i n g t h e l o s s o f t h e R n i n t h e s a m p l e v i a l s
T o f u r t h e r d e m o n s t r a t e t h e e f e c t o f l o s s o f R n f r o m t h e s a m p l e v i a l s b e i n g o p e n a n d
e x p o s e d t o a i r , a s p a r t o f S p e c ia l T e s t # 5 , t e n s a m p l e s w e r e o b t a i n e d u s in g t h e E P A
s a m p l e c o l l e c t i o n m e t ho d O n c e i n t he l a b o r a t o r y t h e t e n s a m p le v ia l s w e r e o p e n e d a n d




F i g u r e
2 5 d e p i c t s t h e s a m pl e
^ ^ ^
R n c o n c e n t r a t i o n a s a fu n c t i o n o f t h e l e n gt h o f t im e t h a t t h e
s a m p l e v i a l s w e r e o p e n
L i n e a r r e g r e s s i o n a n a ly s i s o f t h e d a t a o v e r t h e 5 0 m i n u t e p e r i o d y i e l d s t h e c o n c lu s i o n t ha t
t he s a m p l e R n c o n c e n t r a t i o n d e c r e a s e d a s a fi i n c t i o n o f t h e t im e t h a t t h e v i a l s w e r e
o p e n , t h i s c o n c l u s i o n i s r e a c h e d w i t h a g r e a t e r t h a n 9 9 9 9 % c o n fi d e n c e le v e l (p < 0 0 0 0 1) ,
t h e hy p o t h e s i s t h a t t h e s lo p e o f t h e l i n e i s z e r o w a s r e j e c t e d U s i n g t h e 5 0 m i n u t e
r e g r e s s i o n l i n e a s a p r e di c t o r , i t c a n b e e s t im a t e d t h a t o v e r t he 5 0 m i n u t e p e r i o d th a t t h e
l a s t v i a l w a s o p e n , t h a t t he R n c o n c e n t r a t i o n d e c r e a s e d b y 5 10 p C i/ L , e q u i v a l e n t t o a
r a t e o f - 1 0 2 5 p C i/ L p e r m i n u t e
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28 0 0 0 0
2 7 5 0 0 0
2 7 0 0 0 0
2 6 5 0 00
2 6 0 0 0 0
25 5 0 0 0
2 5 0 0 00
2 4 5 0 00
2 4 00 0 0
2 3 50 0 0
2 3 0 0 0 0
S A M P L E #
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P a g e 6 0
F i g u r e 2 5 : S P EC IA L T ES T # 5 R E S U L T S
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V E R S U S V IA L O P EN T IM E
2 5 0 0








1 5 0 0
2 1 00 0
5 00
2 5 3 0
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P a g e 6 1
C O N C L U SI O N S
L o n g T e r m S t u d y o f V a r i a t i o n o f
^ ^ ^
R n C o n c e n t r a t i o n i n W e l l W a t e r
B a s e d o n t h e r e s u l t s r e p o r t e d h e r e i n , n o e v i d e n c e w a s f o u n d t o d im i n i s h t h e f o l l o w i n g
c o n c l u s i o n s o f t h e D r a n e s t u d y :
1 N o i n d i v i du a l s a m p l e v a r i e d b y m o r e t h a n 5 5% fr o m t h e m e a n R n c o n c e n t r a t i o n f o r
t h a t w e l l
2 6 6% o f t h e s a m p l e s w e r e w it h i n 10 % o f t h e w e l l
'
s g r a n d m e a n , 9 1% w e r e w it h i n 2 0 %
o f t h e w e l l ' s m e a n a n d 9 7 % w e r e w i t hi n 3 0 % o f t h e w e ll ' s g r a n d m e a n
3 T h e p r o p o s e d E PA s a m p l i n g p r o g r a m , c u r r e n t a t t h a t t im e a n d n o w w it h d r a w n , w o u l d
h a v e b e e n a d e q u a t e fo r d e t e r m i n i n g w h e t h e r a n i n d i v i du a l w e ll s i t e w a s w i t h i n t h e
2 2 2
c o m p l i a n c e l im it f o r R n c o n c e n t r a t i o n in t h e w e l l w a t e r
T hi s a s s e s s m e n t i s ba s e d o n c o m p a r i s o n o f t h e s a m p l e s t a k e n i n 1 9 9 5 w it h t h o s e t a k e n i n
1 9 9 6 C o m p a r i s o n o f t h e p e r c e n t a g e o f s a m p l e s t h a t fe l l w i t hi n t h e g i v e n r a n g e a b o u t t h e
s a m p le
'
s w e ll s i t e s a m p l e m e a n w a s c o n d u c t e d I n e a c h s a m p l e m e a n r a n g e t h e 1 9 9 6
c u m u l a t i v e p e r c e n t a g e s a r e la r g e r t h a n t he 1 9 9 5 c u m u l a t i v e p e r c e n t a g e s , t h u s i n e a c h
r a n g e m o r e 19 9 6 s a m p l e s w e r e c l o s e r t o t h e w e ll s i t e s a m p l e m e a n t h a n i n 1 9 9 5 T h i s
i n d i c a t e s t h a t a n i n d i v i du a l 1 9 9 6 w e l l s a m p l e w o u l d b e a s l i k e l y o r b e t t e r t h a n a n
i n d i v i d u a l 1 9 9 5 w e ll s a m p l e a t e s t im a t i n g t h e w e l l s it e
'
s a v e r a g e R n c o n c e n t r a t i o n
S h o r t T e r m S t u d i e s o f V a r i a t i o n o f
^ ^ ^
R n C o n c e n t r a t i o n i n W e l l W a t e r
Sp e c i a l T e s t s # 1, # 2 a n d # 3 so u g h t t o d e t e r m i n e i f p u m p o p e r a t i o n h a d a n e f f e c t o n t he
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m e a s u r e d R n c o n c e n t r a t i o n a t a w e l l s i t e W e l l Si t e # 5 w a s c h o s e n b a s e d o n p r e v i o u s
r e s e a r c h e r s
'
r e p o r t e d t r e n d s , b o t h i n c r e a s in g a n d d e c r e a s i n g , o b s e r v e d i n t h e m e a s u r e d
2 2 2
' ^ >^
R n c o n c e n t r a t i o n w i t hi n m d iv i du a l s a m p :
d r a w n f r o m t h e r e s u l t s o f t h e s u b j e c t t e s t s :
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i n l e r u n s T h e fo l lo w i n g c o n c l u s i o n s m a y b e
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O p e r a t i o n o f t h e w e l l p u m p a p p e a r s t o c a u s e t h e s a m p l e R n c o n c e n t r a t i o n t o b e
r e d u c e d by a p p r o x im a t e ly 0 8 pC i /L p e r m i n u t e T hi s c o n c lu s i o n i s d r a w n fr o m t h e
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r e s u lt s o f Sp e c i a l T e s t # 2 i n w hi c h t h e R n c o n c e n t r a t i o n d e c r e a s e s a t 0 8 p C i/ L p e r
m i n u t e o v e r t he e i g ht h o u r t e s t p e r i o d du r i n g w hi c h t h e pu m p w a s in o p e r a t i o n , a n d
fr o m Sp e c i a l T e s t # 3 in w hi c h t h e
^ ^ " ^
R n c o n c e n t r a t i o n a l s o d e c r e a s e s at 0 8 p C i/ L p e r
m i n u t e du r i n g t h e fi r s t t w o h o u r s o f t h e e ig h t h o u r t e s t p e r i o d w hi l e t h e p u m p w a s in
o p e r a t i o n H o w e v e r , it s h o u l d b e n o t e d t h a t Sp e c i a l T e s t # 1 di d n o t s h o w a s im i l a r
o a t t e m d u r i n g p u m p o p e r a t i o n T h e r e s u lt s o f Sp e c i a l T e s t # 1 s h o w a d e c r e a s e i n
R n c o n c e n t r at i o n f o r t h e fi r s t h o u r o f pu mp o p e r a t i o n f o l l o w e d b y a n i n c r e a s e i n
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R n c o n c e n t r a t i o n f o r t h e s e c o n d h o u r o f pu mp o p e r a t i o n , w it h o u t a s i g n i fi c a n t
c h a n g e o v e r t h e t w o h o u r p e r i o d . T h e m e c h a n i s m b y w hi c h t h e s a m p l e R n
c o n c e n t r a t i o n i s a p p a r e n t l y r e d u c e d i s n o t k n o w n a t t h i s t im e
Sp e c i a l T e s t # 3 r e s u l t s s h o w a n i n c r e a s i n g t r e n d i n s a m p l e R n c o n c e n t r a t i o n a s t h e
w e l l pu m p i s i n t e r m i t t e n t l y o p e r a t e d I n t h i s e ig h t h o u r t e s t , a ft e r t h e f i r s t t w o h o u r s
o f c o n t i n u o u s p u m p o p e r a t i o n , t h e p u m p w a s o n l y o p e r a t e d d u r i n g t h e t h r e e t w e n t y
m i n u t e s a m p l i n g s e q u e n c e s , e v e r y t w o h o u r s A s s u m i n g t h a t p u m p o p e r a t i o n c a u s e s a
r e d u c t i o n i n s a mp l e
^ ^ ^
R n c o n c e n t r a t i o n
,
it w o u l d b e l o g i c a l t o a s s u m e t h a t c e s s a t i o n
o f pu m p o p e r a t i o n w o u l d c a u s e a n i n c r e a s e o r r e c o v e r y in s a m p le R n
c o n c e n t r a t i o n
B a s e d o n a n e x a m i n a t i o n o f t h e w e l l w a t e r d i s t r i bu t i o n s y s t e m a t W e ll Si t e # 5 a n d t h e
r e s u lt s o f S p e c i a l T e s t s # 1 a n d # 3 , e v i d e n c e s t r o n g l y s u g g e st s t ha t t h e t r e n d s o b s e r v e d
b y p r e v i o u s r e s e a r c h e r s a r e d u e t o a s a mp l i n g a r t i f a c t a s s o c i a t e d w it h s a m p l e d il u t i o n
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a n d n o t du e t o i n a d e q u a t e pu r g m g o r v a n a t i o n m g r o u n d w a t e r R n c o n c e n t r a t i o n s m
t h e v ic i n i t y o f t h e p u m p s u c t i o n
A t W e l l Sit e # 5 t h e c h e m i c a l m e t e r i n g p o i n t i n t o t h e w e l l w a t e r d i s t r i bu t i o n s y s t e m
w a s u p s t r e a m o f t he s a m p l e p o in t a n d e v i d e n c e s u gg e s t s t h a t t h e r e du c t io n in s a m p l e
fl o w r a t e o v e r a n i n d i v i du a l s a m p l e s e q u e n c e m ig h t c a u s e s o m e o f t he m e t e r e d s o d i u m
hy p o c hl o r it e a n d w a t e r s o lu t i o n t o d i lu t e t h e s a m p l e , t hu s l o w e r i n g t h e s a m p l e
c o n c e n t r a t i o n T h i s i s o f p a r t i c u l a r s i g n i fi c a n c e a s i t il l u s t r a t e s h o w t h e d r i n k i n g w a t e r
s y s t e m c o n fi g u r a t i o n a n d t h e s a m p l e t e c h n i q u e c a n i n fl u e n c e t h e s a m p le c o n c e n t r a t i o n
A l t h o u g h p r e v i o u s r e s e a r c he r s r e p o r t e d o b s e r v i n g t r e n d s i n t h e W e l l Si t e # 5 d a t a ,
t h e s e t r e n d s w e r e o b s e r v e d i n s a m p l e s e qu e n c e s t h a t w e r e p e r f o r m e d o v e r a tw o t o
t h r e e m i n u t e t im e p e r i o d L i n e a r r e g r e s s i o n a n a l y s i s a n d h y p o t h e s i s t e s t i n g o f t h e d a t a
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d o s h o w c l e a r t r e n d s
,
d e c r e a s m g R n c o n c e n t r a t i o n w hi l e t h e w e ll p u m p i s i n
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o p e r a t i o n a n d i n c r e a s in g R n c o n c e n t r a t i o n w hi l e t h e w e l l p u m p i s i n t e r m i t t e n t ly
o p e r a t e d H o w e v e r , t h e o b s e r v e d t r e n d i s a t a s l o w e n o u g h r a t e , l e s s t h a n 1 0 p C i/ L
p e r m i n u t e , t h a t t he t r e n d s c o u l d n o t ha v e b e e n o b s e r v e d in a s a m p l e s e q u e n c e t a k e n
o v e r a t w o t o t hr e e m i n u t e i n t e r v a l
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D i s c u s s i o n o f P o s s i b l e C a u s a l A s s o c i a t i o n B e t w e e n
P u m p O p e r a t i o n a n d
" ^
R n C o n c e n t r a t i o n C h a n g e
B o r r o w in g f r o m e p i d e m i o l o g i c a l g u i d e l in e s f o r j u d g i n g w he t h e r a n a s s o c i a t i o n i s c a u s a l
( G o r d i s , 19 9 6 ) t o e s t a b l i s h i f p u m p o p e r a t i o n i s c a u s a l l y a s s o c i a t e d w it h t h e r e du c t i o n i n
^ ^ ^
R n c o n c e n t r a t io n
,
t h e f o l l o w i n g p o i n t s fr o m G o r d i s , in b o l d l e t t e r s b e l o w , a r e
a d dr e s s e d ;
T h e t e m p o r a l r e l a t i o n s h i p b e t w e e n p u m p o p e r a t i o n a n d R n c o n c e n t r a t i o n r e du c t i o n
m u s t b e e x a m i n e d D i s e a s e c a u s a l f a c t o r s s u c h a s e x p o s u r e t y p i c a l ly p r e c e d e t h e o n s e t o f
d i s e a s e ; i n t hi s c a s e t h e s im u l t a n e o u s t e m p o r a l r e l a t i o n s h i p b e t w e e n p u m p o p e r a t i o n a n d
^ ^ ^
R n c o n c e n t r a t io n r e d u c t i o n s t r o n g l y s u g g e s t s a n a s s o c i a t i o n b e t w e e n t h e t w o C l e a r ly
t hi s i s n o t s u f i c i e n t b y it s e l f I t i s p o s s i b l e t h a t s a m p l in g o c c u r r e d s im u lt a n e o u s l y w i t h
R n c o n c e n t r a t i o n fl u c t u a t i o n s a s s o c i a t e d w it h s o m e o t h e r c a u s e
T h e s t r e n gt h o f a s s o c i a t i o n b e t w e e n a s u s p e c t e d c a u s a l f a c t o r a n d t h e e f fe c t c a n b e
m e a s u r e d by a r i s k r a t i o o r o d d s r a t i o I n t h i s c a s e t he s t r e n g t h o f a s s o c i a t i o n b e t w e e n
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p u m p o p e r a t i o n a n d R n c o n c e n t r a t i o n r e du c t i o n i s l e s s t h a n 1 0 p C i/ L p e r m i n u t e o f
o p e r a t i o n , w hi l e n o t l a r g e , i t h a s b e e n s ho w n th a t it i s n o t z e r o in Sp e c i a l T e s t s # 2 a n d # 3
w i t h a hi g h c o n fi d e n c e l e v e l (p < 0 0 0 0 1 )
T he d o s e - r e s p o n s e r e l a t i o n s h i p i s im p o r t a n t i n e s t a b l i s h in g c a u s a l r e l a t i o n s hi p s f o r m a n y
t y p e s o f di s e a s e I f a n i n c r e a s e i n t h e D u m p fl o w r a t e (d o s e ) w e r e a c c o m p a n i e d b y a n
i n c r e a s e i n t h e r a t e o f c h a n g e o f t h e
^
R n c o n c e n t r a t i o n r e d u c t i o n (r e s p o n s e ) t h e n t h e
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r e l a t i o n s hi p b e t w e e n pu m p o p e r a t i o n a n d R n c o n c e n t r a t i o n r e d u c t i o n w o u l d b e m o r e
f i r m ly e s t a b l i s h e d T h i s t y p e o f t e s t w a s n o t d o n e f o r t hi s st u d y a n d m a y b e d i f fi c u lt t o d o
d e p e n d i n g o n t h e s u i t a b i l i t y o f t h e w e l l p u m p s u s e d a n d t h e w e l l w a t e r d i s t ri bu t i o n p i p i n g
a n d s a m p l i n g l o c a t i o n s
R e p l i c a t i o n o f f i n d i n g s i s im p o r t a n t in e s t a b l i s hi n g c a u s a l r e l a t i o n s hi p s I f t h e
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r e l a t i o n s hi p b e t w e e n p u m p o p e r a t i o n a n d R n c o n c e n t r a t i o n r e d u c t i o n i s c a u s a l , t h e n it
w o u l d b e e x p e c t e d t o b e s e e n a t o t h e r w e l l s a n d t o b e a b l e t o b e r e p e a t e d a t W e l l Si t e # 5
T hi s h a s n o t b e e n d o n e a t t hi s t im e I n o r d e r t o m o r e f i r m l y e s t a b l i s h t h e r e l a t i o n s h i p
b e t w e e n p u m p o p e r a t i o n a n d R n c o n c e n t r a t i o n r e d u c t i o n i t w o u ld b e n e c e s s a r y t o
r e p e a t t h e t y p e s o f t e s t s d o n e a t W e l l Si t e # 5 a n d t o p e r f o r m s im i l a r t e s t a t o t h e r w e l l
s i t e s
B i o l o g i c a l p l a u s i b i l i t y i s im p o r t a n t i n d i s e a s e c a u s a l r e l a t io n s h i p s b y c o m p a ri n g th e
c u r r e n t b o d y o f k n o w l e d g e w i t h e p i d e m i o l o g i c a l o r o t h e r fi n di n g s E s t a b l i sh i n g a
r e l a t i o n s h i p b e t w e e n p u m p o p e r a t i o n a n d R n c o n c e n t r a t i o n r e d u c t i o n i s d i f i c u lt
w it h o u t u n d e r s t a n d i n g t h e p hy s i c a l m e c ha n i s m s b y w h i c h t h i s is o c c u r ri n g L a c k i n g a
p hy s i c a l m e c h a n i s m , i t m a y b e d i f fi c u l t t o in t e r p r e t t h e r e s u l t s o f t h e t e s t s a n d t o m a k e
r e c o mm e n d a t i o n s a s t o w h e th e r o r n o t s a mp li n g s t r a t e g i e s s u p p o rt r e g u l a t o r y
r e q u i r e m e n t s
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C o n s i d e r a t i o n o f a l t e r n a t e e x p l a n a t i o n s i s r e q u i r e d t o f Ul l y u n d e r s t a n d w h e t h e r o r n o t
p u m p o p e r a t i o n i s a s s o c i a t e d w i t h
^ ^ ^
R n c o n c e n t r a t i o n r e d u c t i o n T h e t h e o r y t h a t w a t e r i s
d r a w n f r o m a r e a s o f h i g h e r
^ ^
R n c o n c e n t r a t i o n n e a r t h e p u m o s u c t i o n a n d t h a t a s t h e
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p u m p i n g c o n t i n u e s w a t e r i s t h e n d r a w n fr o m a r e a s o f l o w e r R n c o n c e n t r a t i o n i s o n e
e x p l a n a t i o n A n o t h e r e x p l a n a t i o n i s t h a t t h e p u m p i n g o f t he w a t e r i t s e l f r e d u c e s t h e R n
c o n c e n t r a t i o n a s a r e s u l t o f t he p r e s s u r e c h a n g e s i n d u c e d u p o n t h e fl u i d i n o r d e r t o c a u s e
t h e fl u i d t o fl o w A n o t he r e x p l a n a t i o n i s t h a t t h e g r o u n d w a t e r R n c o n c e n t r a t i o n v a n e s ,
p e r ha p s s i n u s o i d a l l y , a n d t h a t t h e p e r f o r m a n c e o f t h e t e s t s c o i n c i d e d w i t h n a t u r a l
v a r i a t i o n s i n t h e g r o u n d w a t e r R n c o n c e n t r a t i o n .
C o n s i d e r a t i o n o f a lt e r n a t e e x p l a n a t i o n s i s a l s o r e q u i r e d t o e s t a b l i s h t h a t t h e r e i s n o t
s o m e c o n f o u n d i n g e f f e c t a s s o c i a t e d w i t h t h e p u m p o p e r a t i o n t h a t w o u ld c a u s e t h e
d e c r e a s e i n
^ ^ ^
R n c o n c e n t r a t i o n A c o n f o u n d in g e f f e c t i s o n e a s s o c i a t e d w i t h t h e
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s u s p e c t e d c a u s e , p u m p o p e r a t i o n , t h a t w o u l d l e a d t o t h e e f f e c t , R n c o n c e n t r a t i o n
r e d u c t i o n , bu t t h a t i s n o t a di r e c t r e su lt o f t h e s u s p e c t e d c a u s e A n e x a m p le o f a
c o n f o u n d e r a s s o c i a t e d w i t h p u m p o p e r a t i o n , w h i c h m i g ht c a u s e lo s s o f d i s s o l v e d R n i n
t he p u m p e d fl u i d , w o u l d b e e l e v a t e d p u m p e d fl u i d t e m p e r a t u r e i n t h e p u m p c a s i n g
A l t h o u g h n o t d i r e c t l y r e l a t e d t o t h e a c t u a l p u m p i n g o f t h e fl u i d , it c o u l d b e a s s o c i a t e d w it h
t h e p u m p i n g a n d m i g h t r e s u lt fr o m im p r o p e r p u m p o r m o t o r s e l e c t i o n a t a s p e c i fi c s i t e
F u r t h e r t e s t i n g w o u l d b e r e qu i r e d i n o r d e r t o f u l l y e x p l o r e t h e po s s ib l e e x pl a n a t i o n s f o r
t h e o b s e r v e d p h e n o m e n a
R e du c t i o n o f d i s e a s e i n c i d e n c e i s o ft e n a s s o c i a t e d w it h c e s s a t i o n o f e x p o s u r e t o t h e
su s p e c t e d c a u s a l f a c t o r Sp e c i a l T e s t # 3 d e m o n s t r a t e s t h a t a s t h e o p e r a t i o n o f t h e p u m p i s
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c h a n g e d fr o m c o n t i n u o u s t o i n t e r m i t t e n t t h a t t h e s a m p l e R n c o n c e n t r a t i o n s h i ft s fr o m
d e c r e a s in g t o i n c r e a s i n g T h i s i s a st r o n g a r g u m e n t f o r t h e a s s o c i a t i o n o f pu m p o p e r a t i o n
a n d R n c o n c e n t r a t i o n r e d u c t i o n
I d e n t i fi c a t i o n o f a s p e c i f i c i t y o f a s s o c i a t i o n w o u l d l i n k t h e c a u s e a n d e f f e c t i n a n
e x c l u s i v e w a y F o r t h e p u r p o s e s d i s c u s s e d h e r e i n , i f pu m p o p e r a t i o n w a s t h e o n ly k n o w n
c a u s e o f a c h a n g e i n t h e w e l l s am p l e
^
R n c o n c e n t r a t i o n
,
t h a t w o u l d b e a s t r o n g a r g u m e n t
l i n k i n g p u m p o p e r a t i o n a n d w e l l s a m p l e R n c o n c e n t r a t i o n c h a n a e A b s e n c e o f
s p e c i fi c it y d o e s n o t n e g a t e a c a u s a l r e l a t i o n s hi p , a n d v a r i a t i o n i n R n c o n c e n t r a t i o n h a s
b e e n r e p o r t e d t o b e a s s o c i a t e d w it h c h a n g e s i n t e m p e r a t u r e , p r e s s u r e , r a i n f a l l , R n
e m i s s i o n fr o m r o c k s
, a n d e a r t h qu a k e a c t i v i t y (Y o r k , 1 9 9 5 )
S i m i l a r t o b i o l o g i c a l o r p hy s i c a l p l a u s i b i l i t y , c o n s i s t e n c y w i t h o t h e r k n o w l e d g e m u s t b e
e v a l u a t e d w he n t r y i n e t o e s t a b l i s h a c a u s a l r e la t i o n s h i p T h e t he o r y t h a t w a t e r i s d r a w n
fr o m a r e a s o f h i g h e r R n c o n c e n t r a t i o n n e a r t h e pu mp s u c t io n a n d t h a t a s t h e p u m p i n g
c o n t i n u e s w a t e r i s t h e n d r a w n fr o m a r e a s o f l o w e r
^ ^ ^
R n c o n c e n t r a t i o n m u s t b e e v a l u a t e d
w i t h t h e e q u a l l y li k e ly e x p e c t a t i o n t h a t w a t e r c o u l d b e d r a w n fr o m a r e a s o f l o w e r
^ ^ ^
R n
c o n c e n t r a t i o n n e a r t h e p u m p s u c t i o n a n d t h a t a s t h e p u m p i n g c o n t i n u e s w a t e r i s t h e n
d r a w n fr o m a r e a s o f h i g h e r
'
R n c o n c e n t r a t i o n L a c k i n g a n y p hy s i c a l e x p l a n a t i o n a t t h i s
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t im e t h e a s s o c i a t i o n o f p u m p o p e r a t i o n a n d s a m p l e R n c o n c e n t r a t i o n c h a n g e c o u l d b e a
p o s it i v e o r i n c r e a s i n g a s s o c i a t io n r a t h e r t ha n n e g a t i v e a n d d e c r e a s i n g
S u mm a r i z i n g t h e a b o v e d i s c u s s i o n , a r gu m e n t s s t r o n g l y s u p p o r t i n g t h e a s s o c i a t i o n o f p u mp
o p e r a t i o n a n d s a m p le
^ ' ^ ^
R n c o n c e n t r a t i o n r e d u c t i o n a r e a s f o l l o w s :
T h e t e m p o r a l r e l a t i o n s hi p b e t w e e n p u m p o p e r a t i o n a n d
^ ^ ^
R n c o n c e n t r a t i o n r e d u c t i o n
s t r o n g l y s u g g e st a n a s s o c i a t i o n , R n c o n c e n t r a t i o n r e d u c t i o n a p p e a r s t o o c c u r w hi l e
t h e p u m p i s i n o p e r a t i o n T h e c h a n g e i n R n c o n c e n t r a t i o n fr o m d e c r e a s i n g t o
i n c r e a s in g u p o n t e r m i n a t i o n o f c o n t i n u o u s p u m p o p e r a t i o n a l s o s t r o n g l y s u g g e s t s a n
a s s o c i a t i o n A l t h o u g h t h e
^ ^ ^
R n c o n c e n t r a t i o n r e du c t i o n i s n o t r a p i d d u ri n g p u m p
o p e r a t i o n , l e s s t h a n 1 0 p C i/ L p e r m i n u t e o f o p e r a t i o n , it h a s b e e n s h o w n t o b e n o n
¬
z e r o w i t h a h i g h de g r e e o f c o n fi d e n c e (p < 0 . 0 0 0 1)
I n f o r m a t i o n n o t y e t o b t a i n e d t h a t w o u l d a d d s u p p o r t t o t h e a s s o c i a t i o n o f p u m p o p e r a t i o n
a n d s a m p l e R n c o n c e n t r a t io n r e d u c t i o n w o u l d b e a s f o l l o w s :
T h e e s t a b l i s h m e n t o f a r e l a t i o n s h i p b e t w e e n s e v e r a l d i f fe r e n t pu mp fl o w r a t e s a n d a
c h a n g e i n t h e r a t e o f R n c o n c e n t r a t i o n r e d u c t i o n a t a sp e c i fi c w e l l s it e w o u l d a d d
2 2 2
s u p p o r t t o t h e a s s o c i a t i o n o f p u m p o p e r a t i o n a n d s a m p l e R n c o n c e n t r a t i o n
r e d u c t i o n T hi s c o u l d b e do n e by t h r o t t l i n g t h e p u m p d i s c ha r g e a n d v a r y i n g t h e t o t a l
pu m p fl o w r a t e , i n a s t e o - w i s e f a sh i o n , o v e r a s u f i c i e n t ly l o n g e n o u g h t im e p e ri o d t o
s h o w d i f f e r e n t r a t e s o f
^ ^
R n c o n c e n t r a t i o n c h a n g e c o r r e s p o n d i n g t o d i f f e r e n t p u m p
fl o w r a t e s I t s ho u l d b e v e r ifi e d t h a t t h e p u m p a n d v a l v e s t o b e u s e d a r e s u it a b l e f o r
t h i s t y p e o f t hr o t t l e d o p e r a t i n g m o d e R e p l ic a t io n o f t h e o b s e r v e d ph e n o m e n a a t W e ll
Si t e # 5 a n d a t o t h e r s i t e s w o u l d a l s o a d d s u p p o rt t o t h e a s s o c i a t i o n o f p u m p o p e r a t i o n
a n d s a m p l e R n c o n c e n t r a t i o n r e d u c t i o n
I d e n t i fy i n g a p hy s i c a l m e c h a n i s m t h a t e x p l a i n s t h e o b s e r v e d t r e n d o f d e c r e a s i n g R n
c o n c e n t r a t i o n a s a fu n c t i o n o f p u m p o p e r a t i o n w o u l d a d d t o t h e p l a u s i bi l i t y o f t h e
o b s e r v e d fi n d i n g s U n d e r st a n di n g t h e p h y s i c a l m e c h a n i s m w o u l d a l s o a l l o w a b e t t e r
i n t e r p r e t a t i o n o f t he r e s u lt s o f t h e t e s t s a n d a l l o w m o r e sp e c ifi c r e c o m m e n d a t i o n s a s t o
w h e t he r o r n o t s a m p li n g s t r a t e g i e s s u p p o rt r e g u l a t o r y r e q u i r e m e n t s A n y e x p l a n a t i o n s
s u p p o rt i n g t he a s s o c i a t i o n o f p u m p o p e r a t i o n a n d s a m p l e
^ ^
R n c o n c e n t r a t i o n
r e d u c t i o n m u s t a l s o e v a l u a t e a l t e r n a t e e x p l a n a t i o n s , p o s s ib l y t h r o u g h f u rt h e r t e s t i n g a t
w e l l s it e s .
I n f o r m a t i o n t h a t w o u l d s u g g e s t t h a t t h e r e i s n o a s s o c i a t i o n b e t w e e n p u m p o p e r a t i o n a n d
s a m p l e R n c o n c e n t r a t i o n r e d u c t i o n , i s a s f o l l o w s :
9 9 9
S p e c i a l T e s t # 1 d i d n o t s h o w a d e c r e a s i n g R n c o n c e n t r a t i o n o v e r t h e e n t i r e t w o
h o u r p e ri o d o f c o n t in u o u s p u m p o p e r a t i o n E x a m i n a t i o n o f t h e fi r s t tw o o n e h o u r
s e g m e n t s o f p u m p o p e r a t i o n s h o w s a d e c r e a s i n g t r e n d t h e fi r s t h o u r f o l l o w e d b y a n
i n c r e a s i n g t r e n d t h e s e c o n d ho u r T h i s su g g e s t s t ha t p u m p o p e r a t i o n m a y n o t a l w a y s
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l e a d t o a d e c r e a s e i n R n c o n c e n t r a t i o n P o s s i b l y pu m p i n g h i s t o r y at t h e w e l l s i t e
p r i o r t o t h e c o n d u c t o f t h e t e s t s m a y h a v e i n f l u e n c e d t h e o u t c o m e s
I n l i g h t o f t h e a b o v e d i s c u s s i o n , i t i s n e c e s s a r y t o a l s o e x a m i n e t h e c o n c lu s i o n t h a t t h e
p r o p o s e d E P A s a m p li n g p r o g r a m w o u l d ha v e b e e n a d e q u a t e f o r d e t e r m i n i n g w h e t h e r a n
i n d iv i d u a l w e l l s i t e w a s w it h i n t h e c o m p l i a n c e l im it f o r R n c o n c e n t r a t i o n in t h e w e l l
2 2 2
w a t e r w it h r e sp e c t t o t h e p o s s ib i l i t y t h a t a s w a t e r i s d r a w n fr o m t h e w e l l t he R n
c o n c e n t r a t i o n m e a s u r e d i n t h e w e l l w a t e r s a m p l e s d e c r e a s e B e c a u s e t h e c o n c lu s i o n t ha t
t he p r o p o s e d E P A s am p li n g p r o g r a m w o u l d h a v e b e e n a d e q u a t e i s b a s e d o n w h e t he r o r
n o t a n i n di v i d u a l s a m p l e c a n e s t im a t e t h e w e l l
'
s a v e r a g e R n c o n c e n t r a t i o n , t h e
c o n c lu s i o n i s i n d e p e n d e n t o f t h e p h e n o m e n a o f i n c r e a s i n g o r d e c r e a s i n g R n
c o n c e n t r a t i o n o v e r a s h o r t t e r m p e r i o d , w h a t e v e r t h e m e c h a n i s m A s s h o w n b y t h e D r a n e
2 2 2
1 9 9 5 d a t a a n d t h e l o n g t e r m d a t a fr o m 19 9 6 , i n c o m p a r i s o n t o t h e w e l l
'
s a v e r a g e R n
2 2 2
c o n c e n t r a t i o n , a n i n d iv i d u a l s a mp l e i s a g o o d e s t im a t o r o f t h e w e l l
'
s a v e r a g e R n
c o n c e n t r a t i o n .
E v e n i f t h e w e l l
'
s m e a s u r e d a v e r a g e R n c o n c e n t r a t i o n i s s u p p r e s s e d b y t h e p h e n o m e n o n
o f d e c r e a s i n g R n c o n c e n t r a t i o n a s t h e w e l l p u m p i s o p e r a t e d , i t s h o u l d b e n o t e d t ha t t h e
a v e r a g e d e l i v e r e d w e l l w a t e r R n c o n c e n t r a t i o n t o t h e i n d i v i du a l u s e r w o u l d a l s o b e
9 9 9
s u p p r e s s e d t o t h e s a m e p r o p o r t i o n w i t h r e s p e c t t o t h e a v e r a g e g r o u n d w a t e r R n
c o n c e n t r a t i o n I f a n a s s o c i a t i o n e x i s t s b e t w e e n R r c o r c e r t r a t i o n r e du c t i o n a n d o u m p
2 2 9 9 9 9
o p e r a t i o n t h e n b o t h th e s a m p l e d R n c o n c e n t r a t i o n a n d t h e d e l iv e r e d t o t h e u s e r R n
c o n c e n t r a t i o n w o u l d b e r e d u ' ^ . e d b y t h e s a m e p r o p o r t i o n T h e r e f o r e , i f t h e w e l l
'
s a v e r a g e
2 2 2 2 2 2
s a mp le d R n c o n c e n t r a t i o n i s a s u f i c i e n t e s t im a t o r o f t h e a v e r a g e d r i n k i n g w a t e r R n
c o n c e n t r a t i o n a n d i f t h e f o r m e r ly p r o p o s e d E P A s a mp li n g p r o g r a m w o u l d h a v e b e e n
a d e q u a t e t o c h a r a c
r e m a i n s v a l id t h a t :
9 9 9
t e ri z e a w e l l
'
s a v e r a g e R n c o n c e n t r a t i o n , t h e n t h e c o n c l u s i o n
T h e p r o p o s e d E P A s a m p l i n g p r o g r a m , c u r r e n t a t t h a t t im e a n d n o w w it h d r a w n , w o u ld
h a v e b e e n a d e q u a t e f o r d e t e r m i n i n g w h e t h e r a n i n d i v i d u a l w e l l s i t e w a s w i t hi n t h e
2 2 2
c o m p l i a n c e l im i t f o r R n c o n c e n t r a t i o n i n t h e w e l l w a t e r
E P A v s
.
U N C C o m p a r i s o n o f
^ ^ ^
R n S a m p l i n g M e t h o d o l o g i e s
S p e c i a l T e s t s # 4 a n d # 5 s o u g h t t o d e t e r m i n e i f di f f e r e n c e s e x i s t e d i n s a m o l i n g
9 9 9
m e t ho d o lo gi e s be in g c o n s i d e r e d f o r u s e i n d e t e r m i n i n g d ri n k i n g w a t e r R n c o n c e n t r a t i o n
in w e l l w a t e r s a m p l e s T h r e e m e t h o d o l o g i e s w e r e c o m p a r e d , t h e U N C s l o w - fl o w m e t h o d
a n d t w o E P A m e t h o d s , d e s c ri b e d p r e v i o u s l y T h e f o l l o w i n g c o n c lu s i o n s m a y be dr a w n
fr o m t h e r e s u l t s o f t he s u bj e c t t e s t s :
1 I f s a m p l e v i a l s a r e p r o c e s s e d o n e - a t - a - t im e a n d t he l e n g t h o f t im e t h a t t h e s a m p l e v i a l s
a r e o p e n du ri n g p r o c e s s in g i s m i n i m iz e d , t h e n t he r e i s n o d i f e r e n c e b e t w e e n t h e U N C
s l o w - fl o w m e t h o d a n d t h e E P A M e t h o d " A " a n d E P A M e t h o d " B "
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T h i s c o n c l u s i o n i s r e a c he d b y c o m p a r i s o n o f t h e r e s u l t s o f Sp e c i a l T e s t # 4 a n d Sp e c i a l
T e s t # 5 I n S p e c i a l T e s t # 4 , w h i c h c o m p a r e d t he U N C s l o w - f l o w m e t h o d , i n w hi c h t h e





in t hi s t e st v i a l s w e r e
o p e n e d fi v e - a t - a - t im e a n d p r o c e s s e d a t t h e l a b o r a t o r y , r e s u lt s s h o w t h a t t h e r e a r e
di f f e r e n c e s i n t h e m e a s u r e d R n c o n c e n t r a t i o n b e tw e e n t h e t w o m e t h o d s I n Sp e c i a l




a n d E P A
M e t h o d " B "
,
in t hi s E P A M e t h o d t e s t v i a l s w e r e o p e n e d o n e - a t - a - t im e du r i n g p r o c e s s i n g
a t t h e l a b o r a t o r y , r e s u l t s s h o w t h a t t h e r e w e r e n o d i f f e r e n c e s in t h e m e a s u r e d R n
c o n c e n t r a t i o n b e t w e e n t h e t h r e e m e t h o d s e x a m i n e d
2
.
T h e R n c o n c e n t r a t i o n d e c r e a s e s a s a f u n c t i o n o f t im e t ha t t h e s a m p l e v i a l i s o p e n
a n d e x p o s e d t o a m b i e n t a i r I t i s e s t im a t e d t h a t a t t y p i c a l r o o m t e m p e r a t u r e s , 2 0 - 2 2
°
C (6 8 - 7 2
°
F ) , t h a t t h e r a t e o f
^ ^ ^
R n c o n c e n t r a t i o n r e du c t i o n i s a p p r o x im a t e l y 10 0
p C i /L p e r m i n u t e
T h i s i s n o t s u r p r i s i n g s i n c e t h e p h y s i c a l m e c h a n i s m by w hi c h t hi s i s o c c u r r i n g i s qu i t e w e l l
u n d e r s t o o d
,
t h a t o f m o l e c u l a r d i fl fi a s i o n T h i s i s b o t h a t im e - d e p e n d e n t p r o c e s s a n d
t e m p e r a t u r e - d e p e n d e n t T h e r e f o r e it c a n a l s o b e c o n c lu d e d t h a t a s t h e t e m p e r a t u r e o f t h e
s a m p l e i s i n c r e a s e d t h e r a t e o f l o s s o f R n w o u l d a l s o b e i n c r e a s e d
B a s e d o n t h e a b o v e t w o c o n c lu s i o n s t h e f o l l o w i n g r e c o mm e n d a t i o n i s m a d e :
I n a d o p t i n g a fi n a l s a m p li n g m e t h o d o l o g y f o r c o mp li a n c e t o t h e p o s s i b l e fu t u r e
r e q u i r e m e n t s o f t h e Sa f e D r i n k in g W a t e r A c t , c o n s i d e r a t i o n s h o u l d b e g iv e n t o a
m e t h o d o l o gy t h a t m i n im i z e s t h e a m o u n t o f t im e t ha t t h e s a m p l e i s e x p o s e d t o a m b i e n t
a ir a n d a l s o m i n im i z e s e x p o s u r e o f t he o p e n s a m p l e v i a l s t o e l e v a t e d t e m p e r a t u r e s
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R E C O M M E N D A T I O N S F O R F U T U R E ST U D I E S
1 . C o n s id e r a t i o n s h o u l d b e g i v e n t o p e r f o r m i n g a d di t i o n a l s h o r t t e r m t e s t s i n w h i c h t h e
t o t a l p u m p f l o w r a t e i s v a r i e d i n a s t e p - w i s e f a s h i o n , o v e r a s u f fi c i e n t ly l o n g e n o u g h
t im e p e r i o d , t o a t t e m p t t o i d e n t if y d i f e r e n t r a t e s o f
^ ^ ^
R n c o n c e n t r a t i o n c h a n g e
c o r r e s p o n d i n g t o t h e d i f f e r e n t p u m p f lo w r a t e s T hi s w o u l d s t r e n g t he n t h e a s s o c i a t i o n
b e t w e e n R n c o n c e n t r a t i o n c h a n g e a n d p u m p o p e r a t i o n I t s h o u l d b e v e r i f i e d t h a t
t h e p u m p a n d v a l v e s t o b e u s e d a r e s u i t a b l e f o r t hi s t y p e o f t h r o t t l e d o p e r a t i n g
c o n d it i o n A d d it i o n a l ly , f u r t h e r t e s t in g s ho u l d i n c lu d e t h e e x p l o r a t i o n o f a n i n c r e a s e i n
2 2 2
R n c o n c e n t r a t i o n a s s o c i a t e d w i t h t h e c e s s a t i o n o f c o n t i n u o u s p u m p o p e r a t i o n
2 I t i s r e c o mm e n d e d t h a t f u r t h e r li t e r a t u r e r e v i e w s b e p e r f o r m e d t o a t t e m p t t o i d e n t ify a
p h y s i c a l m e c h a n i s m by w hi c h R n c o n c e n t r a t i o n c h a n g e a n d p u m p o p e r a t i o n a r e
l in k e d R e f e r e n c e s a s s o c i a t e d w i t h F o l g e r e t a l , 19 9 6 , m i g h t b e a p r o du c t i v e s o u r c e
o f m a t e r i a l s w i t h w hi c h t o b e g i n a r e v i e w F u r t h e r s ho r t t e r m t e s t i n g c o u l d b e
d e s i g n e d t o fu r t h e r c o n f i r m a n y p hy s i c a l m e c h a n i s m s i d e n t if i e d a n d e v a l u a t e a n y
a l t e r n a t e e x p l a n a t i o n s u n d e r c o n s i d e r a t i o n
3 F o r w e l l s i t e s w i t h a hi g h v a r i a t i o n i n s a m p l e d R n c o n c e n t r a t i o n i t i s r e c o m m e n d e d
t h a t a r e v i e w o f w e l l s it e e q u i p m e n t c o n f i g u r a t io n s b e c o n d u c t e d T h i s w o u l d
d e t e r m i n e i f t h e v a r i a t i o n i n s a m p l e c o n c e n t r a t i o n c a n b e e x p l a i n e d b y e q u i p m e n t
c o n s i d e r a t i o n s , s u c h a s t h e l o c a t i o n o f t h e w a t e r t r e a t m e n t i n j e c t i o n p i p i n g c a u s i n g a
d i l u t i o n o f t h e s am p l e o bt a in e d a t t h e s a m p le p o i n t I t i s r e c o m m e n d e d t h a t o t h e r
p o s s i b l e m e a n s o f s a mp l e d i lu t i o n b e e v a lu a t e d , su c h a s t h e l a c k o f a c h e c k v a l v e
b e t w e e n s a mp l e p o in t a n d d r i n k i n g w a t e r t a n k , c a u s i n g di l u t i o n o f t he s a m p le t hr o u g h
b a c k - f l o w o f l i q u i d f r o m t h e t a n k t o t he s a m p l e p o i n t A l t e r s a m p l e c o l l e c t i o n
m e t h o d s , a s n e c e s s a r y , a n d d e t e r m i n e if v a r i a t i o n c a n b e r e d u c e d
4 L o s s o f c o n t a m i n a n t m a y b e c a u s e d b y o t h e r f a c t o r s s u c h a s h i g h a m b i e n t a i r
t e m p e r a t u r e c a u s i n g s a m p l e v i a l s a n d s c i n t i l l a t i o n fl u i d t o b e a t e l e v a t e d t e m p e r a t u r e
w h e n s a m p l e i s c o l l e c t e d C o m p a r e s a m p le c o ll e c t i o n u s in g v i a l s a n d s c i n t i l l a t i o n fl u i d
a t e l e v a t e d t e m p e r a t u r e s v e r s u s u s i n g v i a l s a n d s c i n t i ll a t i o n fl u i d a t w e l l w a t e r
t e m p e r a t u r e
5 E l e v a t e d t e mp e r a t u r e s e n c o u n t e r e d in t h e s h i p p i n g a n d t r a n s p o r t o f t h e E P A m e t h o d
v i a l s m a y e ff e c t t he a bi l i t y o f t h e s a m p l e t o r e t a i n t h e d i s s o l v e d R n o n c e o p e n e d a t
t h e l a b o r a t o r y A p o s s ib l e c o m p a r i s o n w o u l d b e t o e x a m i n e a n y d i f e r e n c e s i n
s h i p p i n g a n d t r a n s p o r t t e m p e r a t u r e s a f e c t i n g t h e E P A m e t h o d v i a l s o n c e t h e s a m p l e i s
c o ll e c t e d Si n c e t h e U N C s l o w - fl o w m e t h o d v i a l s a r e n o t o p e n e d a f t e r t h e s a m p l e i s
c o l l e c t e d a t t h e w e ll s it e it w o u l d n o t b e e x p e c t e d t o l o s e a n y R n d u e t o e l e v a t e d
t e m p e r a t u r e s e n c o u n t e r e d in t h e s hi p p i n g a n d t r a n s p o r t o f t h e U N C m e t ho d v i a l s
H i g ht o w e r d e m o n s t r a t e d t h a t t h e r e w a s n o s i g n i f i c a n t d if e r e n c e i n t h e r e s u l t s o f
m a i l e d s a m p l e s v e r s u s n o n - m a i l e d s a m p l e s c o ll e c t e d b y t he U N C s l o w - fl o w m e t h o d
5 9
R E F E R E N C E S




e t a l
.
O p t i m i z a t i o n a n d c o m p a ri s o n o f t h r e e d if f e r e n t m e t h o d s f o r t he
d e t e r m i n a t i o n o f R n - 2 2 2 i n W a t e r
,
T h e S c ie n c e o f t h e T o t a l E n v i r o n m e n t , 1 7 3 / 1 74 ( 19 9 5 )
6 1 - 6 7
D a v i s , R M , W a t s o n , J E , J r , I n f l u e n c e o f R a c o n c e n t r a t i o n i n s u r r o u n di n g r o c k
o n
^ ^ '
R n c o n c e n t r a t io n in g r o u n d w a t e r H e a l t h P h y s 5 8 :3 6 9 - 3 7 1 , 1 9 9 0








A r o r a , R , K a h n , B , R a d o n c o n c e n t r a t i o n s in g r o u n d w a t e r
o f t h e G e o r g i a P i e d m o n t H e a l t h P h y s 6 0 :2 2 9 - 2 3 6 , 19 9 1




V a ri a t i o n o f R n i n p u b li c dri n k i n g w a t e r s u p p li e r s . U n i v e r s it y o f N o r t h
C a r o l i n a a t C h a p e l H i l l M a s t e r
'
s R e p o r t ; 1 9 9 6








R n i n g r o u n dw a t e r i n N i g e ri a : A s u r v e y H e a lt h P hy s 6 2 : 9 6 -
9 8
,
1 9 9 2
G o r d i s , L ,
"
F r o m A s s o c i a t i o n t o C a u s a t i o n : D e ri v i n g I n f e r e n c e s F r o m E p i d e m i o lo g i c a l
St u d i e s
,
"
E p i d e m io l o g y . W B S a u n d e r s C o m p a n y , P h i l a d e l p h i a , 1 9 9 6 , p p 176 - 1 7 7
9 9 9
F o l g e r , P F , e t a l . C o n t r o l s o n R n v a ri a t io n s i n a f r a c t u r e d c r y s t a l l i n e r o c k a q u i f e r
e v a lu a t e d u s in g a q u if e r t e s t s a n d g e o p h y s ic a l l o g g i n g . G r o u n d W a t e r J o u r n a l , M a r c h -
A p r i l , 1 9 9 6
2 2 2
H i g h t o w e r , J H , 1 1 1 R n i n w a t e r : a c o m p a r i s o n o f t w o s a m p l e c o l l e c t i o n m e t h o d s
a n d t w o s a m p l e t r a n s p o r t m e t h o d s , a n d t h e d e t e r m i n a t i o n o f t e m p o r a l v a ri a t i o n i n N o r t h
C a r o l i n a g r o u n d w a t e r U n i v e r s i t y o f N o r t h C a r o l in a a t C h a p e l H i ll M a s t e r
'
s R e p o r t ;
1 9 94




e t a l
.
D i r e c t c o m p a ri s o n o f t hr e e m e t h o d s f o r t h e d e t e r m i n a t io n o f r a d o n in
w e ll w a t e r H e a lt h P hy s 7 0 (3 ) :3 5 8 - 3 6 2 ; 1 9 9 6




Sp a u l d i n g , J D , W e n n e r , D B , N o a k e s , J E , N o rt h e a s t G e o r g i a
t e m p o r a l a n d s p a t i a l v a ri a t i o n s i n t h e r a d o n c o n t e n t o f g r o u n d w a t e r A t l a n t a , G A :
G e o r g i a I n s t it u t e o f T e c h n o l o g y , E n v ir o n m e n t a l R e s o u r c e s C e n t e r r e p o rt E R C 0 3 - 8 8 ,
1 9 8 8
U S E n v i r o n m e n t a l P r o t e c t i o n A g e n c y D e t e r m i n a t io n o f r a d o n i n d ri n k i n g w a t e r b y
l i q u i d s c i n t i l l a t i o n c o u n t in g , m e t h o d 9 13 0 , r e v 8 (dr a ft ) 19 9 3
U S E n v i r o n m e n t a l P r o t e c t i o n A g e n c y N a t i o n a l p ri m a r y d ri n k i n g w a t e r r e gu l a t i o n s :
r a d i o n u c l i d e s F e d e r a l R e g i st e r 5 6 , N o 13 8 : 3 3 0 5 0 - 3 3 1 14 , Ju ly 1 8 , 1 9 9 1
U S G e o l o gi c a l Su r v e y R a d o n i n e a r t h , a i r , a n d w a t e r , r a d o n i n f o r m a t i o n fr o m t h e U S
G e o l o g i c a l Su r v e y ht t p :/ / s e dw w w c r u sg s g o v :8 0 8 0 / r a d o n r a d o n h o m e ht m l
W a t s o n , J E , J r , M i t s c h , B F , G r o u n d - w a t e r c o n c e n t r a t i o n s o f R a a n d R n i n
N o r t h C a r o l i n a p h o s p h a t e l a n d s H e a l t h P h y s 5 2 :3 6 1 - 3 6 5 , 1 9 8 7
Y o r k
,
E L , S t u d y o f t e m p o r a l v a r i a t i o n o f r a d o n c o n c e n t r a t i o n in p u b l i c d r i n k i n g w a t e r
s u pp l i e s U n i v e r s i t y o f N o r t h C a r o l i n a a t C h a p e l H i ll M a s t e r
'
s R e p o r t , 1 9 9 5
7 1
A P P E N D LX A
7 2
T a b l e A 1 : S a m p l e R u n # 1 - R a w D a t a
PO ST -
W E IG H T
( g m )
S A M P L E P R E -












S A M P L E S A M P L E
W E IG H T T IM E
( g m )
2 5 2 6
25 4 9
2 5 3 7
2 5 3 6
2 5 4 3
3 6 1 9
3 7 8 5
3 7 55
3 7 4 5
3 7 1 9
1 0 9 3
1 2 3 6
1 2 1 8
1 2 0 9
1 1 7 6
2 / 1 1 /9 6
2 / 1 1/ 9 6
2 / 1 1/9 6
2 / 1 1/ 9 6
2 / 1 1/ 9 6
1 1 :3 5
1 1 : 3 5
1 1 : 3 6
1 1 : 3 6
1 1 : 3 7
C P M " B " N ET " B "
3 2 0 6
3 1 2 4
3 2 3 8
3 2 4 2
7 0 7 5 3 5
2 2 7 7 6
2 6 1 16
2 5 3 5 4
2 4 3 7 2
2 3 0 2 8
1 9 5 7 4
2 2 9 14
2 2 1 5 2
2 1 1 7 0
1 9 8 2 6
C O U NT
T I M E
(m i n )
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
1 4 2
4 3 9 2
3 8 2 9
3 9 4 5
4 1 0 3
4 3 4 3
F IN IS H E D M I D
C O U NT C O U N T
T I M E T I M E
E L A PS E D
T IM E
(d a y )
2 / 1 1/ 96
2 / 1 1/9 6
2 / 1 1 /9 6
2 / 1 1/ 96
2 / 1 1 /9 6
2 / 1 3 /9 6
2 / 1 3 /9 6
2 / 1 3 /9 6
2 / 1 3 /9 6
2 / 1 3 /9 6
15 : 4 5
16 : 3 6
1 7 :2 7
18 : 1 9
18 :2 1
1 1 : 3 1
12 : 1 1
1 2 : 5 2
13 :3 4
1 4 : 19
2 / 1 1/ 9 6
2 / 1 1/ 9 6
2 / 1 1/ 9 6
2 / 1 1/ 9 6
2 / 1 1/ 9 6
2 / 1 3 / 9 6
2 / 1 3 /9 6
2 / 1 3 /9 6
2 / 1 3 / 9 6
2 / 1 3 /9 6
1 5 : 2 0
1 6 : 1 1
1 7 :0 2
1 7 : 5 4
1 8 :2 0
1 1 :0 9
1 1 :5 1
1 2 :3 2
1 3 : 1 3






R A DO N
C O N C
( pC i /L )
2 5 8 9 1 2
2 6 9 4 7 6
2 6 5 6 8 0
2 5 7 1 2 4






2 5 2 7
2 5 4 0
2 5 3 5
2 5 3 6
2 5 3 2
3 5 7 7
3 6 2 8
3 6 2 6
3 6 5 6
3 6 3 2
10 5 0
1 0 8 8
1 0 9 1
1 1 2 0
1 1 0 0
2 / 10 /9 6
2 / 1 0 / 9 6
2 / 10 / 9 6
2 / 1 0 / 9 6
2 / 1 0 /9 6
1 5 : 0 7
1 5 : 0 7
1 5 : 0 7
1 5 : 0 8
15 : 0 8
4 5 9 8
4 7 7 8
4 8 16
4 6 16
4 5 1 6





5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
2 / 1 2 /9 6 18 :3 0
2 / 1 2 /9 6 1 9 : 2 2
2 / 1 2 /9 6 2 0 : 1 3
2 / 1 2 /9 6 2 1: 0 4
2 / 1 2/ 9 6 2 1 : 5 6
2 / 1 2 / 9 6 1 8 :0 5
2 / 1 2 /9 6 1 8 :5 7
2 / 1 2 / 9 6 1 9 :4 8
2 / 1 2 / 9 6 2 0 :3 9






1 9 7 1 5
2 1 6 2 2
2 2 2 2 5
1 9 0 8 6






2 5 4 1
2 5 4 4
2 5 5 2
2 5 2 3
2 5 4 4
3 7 7 1
3 6 8 6
3 7 5 6
3 6 8 6
3 7 4 7
1 2 3 0
1 1 4 2
1 2 0 4
1 1 6 3
1 2 0 3
2 / 1 0 / 9 6
2 / 1 0 /9 6
2 / 1 0 /9 6
2 / 1 0 /9 6
2 / 1 0 /9 6
1 4 : 2 1
14 : 2 1
14 : 2 2
14 : 2 3
14 : 2 3
8 4 3 8
8 1 1 0
7 9 5 2
8 2 0 8
7 9 1 6
5 2 3 6
4 9 0 8
4 7 5 0
5 0 0 6
4 7 1 4
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
2 / 1 2/ 9 6 1 4 : 13
2 / 12 / 9 6 1 5 : 0 5
2 / 1 2/ 9 6 1 5 : 5 6
2 / 1 2/ 9 6 1 6 : 4 7
2 /1 2 / 9 6 1 7 : 3 9
2 / 1 2 /9 6 1 3 :4 8
2 / 1 2 /9 6 14 : 4 0
2 / 1 2 /9 6 1 5 :3 1
2 / 1 2 /9 6 1 6 :2 2






6 1 4 8 5
6 2 4 8 2
5 7 7 1 9
6 3 3 7 3
5 8 0 7 1
8 A - 1
8 A - 2
8 A - 3
8 A - 4
8 A - 5
2 5 4 6
2 5 3 7
2 5 2 9
2 5 4 4
2 5 3 7
3 7 1 2
3 7 7 7
3 8 8 6
3 6 8 6
3 7 1 7
1 1 6 6
1 2 4 0
1 3 5 7
1 1 4 2
1 1 8 0
2 /9 / 9 6
2 / 9 /9 6
2 /9 /9 6
2 /9 /9 6
2 /9 /9 6
16 : 0 0
16 : 0 0
16 : 0 1
16 : 0 1
1 6 :0 2
2 9 4 7 0
3 2 2 3 7
3 4 3 0 5
3 0 7 1 8
3 1 1 3 6
2 6 2 6 8
29 0 3 5
3 1 1 0 3
2 7 5 1 6
2 7 9 3 4
3 3 9 5
3 1 0 3
2 9 15
3 2 5 7
3 2 1 3
2 / 1 2 /9 6 2 : 3 9
2 / 1 2 /9 6 3 : 1 1
2 / 1 2 /9 6 3 : 4 1
2 / 1 2 /9 6 4 : 15
2/ 12 / 9 6 4 : 4 8
2 / 1 2 / 9 6 2 :2 2
2 / 1 2 /9 6 2 : 5 5
2 / 1 2 / 9 6 3 :2 6
2 / 1 2 / 9 6 3 :5 8






3 5 3 4 0 9
3 6 8 8 7 6
3 6 2 4 4 4
3 8 2 5 6 4
3 7 7 3 9 7
8 B - 1
8 B - 2
8 B - 3
8 B - 4
8 B - 5
2 5 4 4
2 5 4 6
2 5 3 4
2 5 4 1
2 5 3 7
3 6 2 7
3 7 5 3
3 5 9 0
3 7 0 0
3 6 6 5
1 0 8 3
12 0 7
10 5 6
1 1 5 9
1 1 2 8
2 / 9 /9 6
2 /9 /9 6
2 / 9 /9 6
2 / 9 /9 6
2 / 9 /9 6
16 : 0 4
1 6 :0 4
16 : 0 4
1 6 : 0 5
16 : 0 5
1 3 7 1 8
14 3 4 2
1 2 7 8 2
1 3 7 1 0
1 2 9 7 8
1 0 5 1 6
1 1 1 4 0
9 5 8 0
1 0 5 0 8
9 7 7 6
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
2 / 1 2/ 9 6 5 : 4 0
2 / 12 / 9 6 6 : 3 1
2 / 1 2/ 9 6 7 : 2 2
2 / 12 / 9 6 8 : 1 4
2 / 1 2/ 9 6 9 : 0 5
2 / 1 2 / 9 6 5 : 1 5
2 / 1 2 /9 6 6 : 0 6
2 / 1 2 /9 6 6 : 5 7
2 / 1 2 /9 6 7 : 4 9






15 5 5 9 8
1 4 8 8 5 1
14 7 2 5 2
14 8 1 12






2 5 4 8
2 5 3 4
2 5 3 9
2 5 4 5
2 5 5 1
3 5 5 0
3 6 0 4
3 6 6 7
3 6 4 9
3 6 6 6
10 0 2
10 7 0
1 1 2 8
1 1 0 4
1 1 1 5
2/ 1 0 /9 6
2 / 10 /9 6
2 / 10 /9 6
2 / 10 /9 6
2 / 10 /9 6
13 : 3 5
1 3 : 3 5
13 : 3 6
1 3 : 3 6
1 3 : 3 7
1 8 2 8 6
19 2 76
1 9 1 3 2
1 9 1 0 6
19 0 70
1 5 0 8 4
16 0 7 4
1 5 9 3 0
1 5 9 0 4
1 5 8 6 8
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
2 / 1 2/ 9 6 9 : 5 7
2 / 1 2 / 9 6 10 : 4 8
2 /1 2 / 9 6 1 1 : 3 9
2 / 1 2 / 9 6 12 : 3 1
2 / 1 2 / 9 6 1 3 : 2 2
2 / 1 2 / 9 6 9 : 3 2
2/ 12 / 9 6 10 : 2 3
2 / 1 2 /9 6 1 1 : 1 4
2 / 12 / 9 6 12 : 0 6






2 1 1 7 6 9
2 12 6 8 9
2 0 1 2 0 9
2 0 6 5 9 7






2 5 4 9
2 5 3 1
2 5 4 7
2 5 3 8
2 5 2 7
3 7 6 3
3 6 8 2
3 9 18
3 7 6 9
3 6 8 4
12 1 4
1 1 5 1
13 7 1
1 2 3 1
1 1 57
2 /9 /9 6
2 /9 /9 6
2 /9 /9 6
2 /9 / 9 6
2 /9 /9 6
1 4 :5 0
1 4 :5 0
1 4 :5 0
1 4 : 5 1
1 4 :5 1
2 4 8 4 5
2 3 9 5 4
2 8 2 2 5
2 5 2 3 6
2 3 7 7 6
2 1 6 4 3
2 0 7 5 2
2 5 0 2 3
22 0 3 4
20 5 7 4
4 0 2 5
4 1 7 5
3 5 44
3 9 6 3
4 2 06
2 / 1 1/ 9 6 19 : 0 3
2 / 1 1/9 6 19 : 4 6
2 / 1 1/9 6 2 0 : 2 2
2 / 1 1/9 6 2 1 :0 3
2 / 1 1/ 96 2 1 : 4 7
2/ 1 1/ 9 6 18 : 4 2
2 / 1 1 /9 6 19 : 2 5
2 / 1 1/ 9 6 2 0 : 0 4
2 / 1 1/ 9 6 20 :4 3






2 6 6 2 9 0
2 7 0 7 3 9
2 7 5 4 3 1
2 7 14 0 6
2 71 0 8 7
1 1 A - 1
1 1 A - 2
1 1 A - 3
1 1 A - 4
1 1 A - 5
2 5 4 1
25 4 4
2 5 4 0
2 5 3 8
2 5 3 3
3 6 4 3
3 6 2 4
3 7 4 2
3 7 9 4
3 8 13
1 1 0 2
1 0 8 0
12 0 2
1 2 5 6
1 2 8 0
2 / 10 /9 6
2 / 10 /9 6
2 / 10 /9 6
2 / 10 / 9 6
2 /1 0 /9 6
1 6 : 1 0
1 6 : 1 0
1 6 : 1 1
1 6 : 1 1
1 6 : 12
6 1 0 2
6 0 7 4
6 4 4 6
6 4 4 6
6 4 3 0
2 9 0 0
2 8 7 2
3 2 4 4
3 2 4 4
3 2 2 8
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
2 / 1 2 /9 6 2 2 : 4 7
2 / 1 2 /9 6 2 3 : 38
2 / 13 / 9 6 0 : 3 0
2 / 13 / 96 1 : 2 1
2 / 1 3 / 9 6 2 : 1 2
2 / 12 / 9 6 2 2 : 2 2
2 / 12 /9 6 23 : 1 3
2 / 1 3 /9 6 0 : 0 5
2 / 1 3 /9 6 0 : 5 6






3 9 9 9 6
4 0 6 7 7
4 1 5 5 0
4 0 0 2 0
3 9 3 2 2
1 1 B - 1
1 1 B - 2
1 1 B - 3
1 1 B - 4
1 1 B - 5
2 5 3 7
2 5 3 8
2 5 2 5
2 5 5 1
2 5 4 2
3 5 6 5
3 6 0 3
3 7 0 1
3 6 5 2
3 6 7 2
1 0 2 8
1 0 6 5
1 1 7 6
1 1 0 1
1 1 3 0
2 /1 0 / 9 6
2 /1 0 / 9 6
2 /1 0 / 9 6
2 / 10 / 9 6
2 /1 0 /9 6
1 6 : 1 2
1 6 : 13
1 6 : 13
1 6 : 14
1 6 : 14
4 7 18
4 7 4 0
5 1 7 6
4 7 5 2
4 8 9 4
1 5 16
1 5 3 8
1 9 . 7 4
1 5 5 0
1 6 9 2
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
2 / 1 3 / 9 6 3 : 0 4
2 / 1 3 / 9 6 3 : 5 5
2 / 1 3 / 9 6 4 : 4 7
2 / 13 / 9 6 5 : 38
2/ 1 3 / 9 6 6 : 2 9
2 / 1 3 /9 6 2 : 3 9
2 / 1 3 /9 6 3 : 3 0
2 / 1 3 /9 6 4 : 2 2
2 / 1 3 /9 6 5 : 13






2 3 1 4 2
2 2 8 0 5
2 6 6 8 3
2 2 5 19






2 5 5 2
2 5 4 3
2 5 4 2
25 4 7
2 5 3 0
3 6 8 9
3 6 7 4
3 7 4 4
3 7 0 5
3 7 1 5
1 1 3 7
1 1 3 1
1 2 0 2
1 1 5 8
1 1 8 5
2 /9 /9 6
2 /9 /9 6
2 /9 / 9 6
2 /9 / 9 6
2 /9 / 9 6
1 5 : 1 5
1 5 : 1 5
1 5 : 15
1 5 : 16
1 5 : 16
1 2 1 4 6
1 2 0 6 2
1 2 6 9 8
1 1 8 6 8
1 18 2 8
8 9 4 4
8 8 6 0
9 4 9 6
8 6 6 6
8 6 2 6
5 0 0 0
5 0 0 0
5 0 0 0
50 0 0
5 0 0 0
2 / 1 1/9 6 2 2 : 3 8
2 / 1 1/9 6 2 3 : 2 9
2/ 12 / 9 6 0 : 2 1
2/ 12 / 9 6 1 : 12
2 / 1 2 / 9 6 2 : 03
2/ 1 1/ 9 6 2 2 : 1 3
2 / 1 1/ 9 6 2 3 : 0 4
2 / 1 1 /9 6 2 3 : 5 6
2 / 1 2 /9 6 0 : 4 7






1 2 0 2 6 6
1 2 0 5 4 0
12 2 3 6 1
1 1 6 6 4 1







2 5 3 2
2 5 3 6
2 5 3 6
2 5 3 6
3 7 5 2
3 6 12
3 6 3 4
3 6 2 0
3 6 2 5
1 2 2 3
1 0 8 0
1 0 9 8
1 0 8 4
1 0 89
2/ 1 0 / 9 6
2 / 1 0 /9 6
2 / 1 0 /9 6
2 / 1 0 / 9 6
2 / 1 0 / 9 6
1 6 :5 3
1 6 : 5 3
1 6 : 5 3
1 6 : 5 4
1 6 : 5 4
6 3 2 0
5 9 7 0
5 9 2 4
5 8 0 0
5 7 8 4
3 1 18
2 7 6 8
2 7 2 2
2 5 9 8
2 5 8 2
5 0 0 0
5 0 0 0
5 0 00
5 0 0 0
5 0 0 0
2 / 1 3 / 9 6 7 : 2 1
2 / 1 3 /9 6 8 : 1 2
2 / 1 3 /96 9 :0 3
2 / 1 3 /9 6 9 : 5 5
2 / 1 3 /9 6 10 : 4 6
2 / 1 3 /9 6 6 : 5 6
2 / 1 3 /9 6 7 : 4 7
2 / 1 3 /96 8 : 3 8
2 / 1 3 /9 6 9 : 3 0






4 1 1 18
4 1 6 0 1
4 0 4 9 8
3 9 4 0 4
3 9 2 3 3
7 3
T a b l e A 5 : S a m p le R u n # 5 - R a w D a t a
SA MP LE PR E - PO ST -
D ES IG N A T IO N W E IG H T W E IG H T
(g m ) (g m )
BA C K
B A C K
B A C K
BA C K
RA D O N S T D
5 - 1 25 2 3 3 5 0 8
5 - 2 2 5 4 8 3 5 6 2
5 - 3 25 3 8 3 5 7 0
5 - 4 25 3 5 3 5 10
5 - 5 2 5 3 3 3 5 2 9
SA M PLE SA MP LE
W E IG H T T IM E
(gm )
9 8 5
1 0 1 4
1 0 3 2
9 75
9 9 6
6 /5 /9 6
6 /5 /9 6
6 /5 /9 6
6 /5 /9 6
6 /5 /9 6
1 6 : 2 2
16 : 2 2
1 6 : 2 2
1 6 : 2 3










3 1 6 8
3 1 6 8
3 0 10
7 2 5 5 0 7
2 0 8 5 3
2 0 5 8 9
1 5 7 9 4
1 4 0 5 0
1 2 7 3 2
1 7 7 2 2
1 7 4 5 8
1 2 6 6 3
1 0 9 1 9
9 6 0 1




5 0 0 0
5 0 0 0
5 0 0 0
1 3 8
4 7 9 6
4 8 5 8
5 0 0 0
5 0 0 0
5 0 0 0
F IN IS H E D
C O U NT
T IM E
6 /5 / 9 6 19 : 3 5
6 /5 /9 6 2 0 : 2 6
6 /5 / 9 6 2 1 : 1 7
6 /5 /9 6 2 2 : 0 9
6 /6 /9 6 1 : 3 6
6 /6 /9 6 2 : 2 5
6 /6 /9 6 3 : 1 5
6 /6 / 9 6 4 : 0 6
6 /6 /9 6 4 : 5 8
6 /6 /9 6 5 4 9
M ID





RA D O N
C O NC
(p Ci/ L)
6 /6 /9 6 2 : 0 1
6 /6 / 9 6 2 : 5 0
6 /6 / 9 6 3 : 4 1
6 /6 / 9 6 4 : 3 3






19 0 4 6 4
18 3 4 0 5
13 1 5 4 2
12 0 8 3 0







2 5 5 5
2 5 4 0
2 5 4 3
2 5 3 0
3 6 4 6
3 5 8 4
3 4 6 9
3 5 3 7






6 /5 / 96
6 /5 /9 6
6 /5 /9 6
6 a « 6
6 S /9 6
17 :5 5
1 8 :0 1
1 8 :0 1
1 8 :0 1
1 8 :0 2
4 6 7 2
4 5 6 0
4 2 7 2
4 4 3 6
4 6 5 2
1 5 4 1
1 4 2 9
1 1 4 1
1 3 0 5
1 5 2 1
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
6 /6 / 96 19 : 2 9
6 /6 « 6 2 0 : 20
6 /6 /9 6 2 1 : 1 2
6 /6 « 6 2 2 :0 3
6 /6 /9 6 2 2 :5 4
6 /6 /9 6 19 : 0 4
6 /6 / 9 6 1 9 :5 5
6 / 6 /9 6 2 0 : 4 7
6 /6 /9 6 2 1 :3 8







1 6 6 2 3
14 7 9 8
1 5 9 2 0






2 5 4 2
2 5 4 3
2 5 5 2
2 5 3 7
2 5 3 4
3 4 9 8
3 5 60
3 5 9 4
36 9 0





1 1 7 7
6/5/ 96
6/5 / 9 6
6 /5 /9 6
6 /5 / 9 6
6 /5 « 6
18 :3 1
1 8 :3 1
1 8 :3 1
1 8 :3 2
1 8 :3 2
72 78
80 2 8
7 5 4 2
82 5 0
8 2 3 8
4 1 4 7
4 8 9 7
4 4 1 1
5 1 1 9
5 1 0 7
50 00
50 00
5 0 0 0
5 0 0 0
5 0 0 0
6 /6 /9 6 23 : 4 6
6 / 7 /9 6 0 :3 7
6 / 7 /9 6 1 : 2 8
6 / 7 /9 6 2 : 1 9
6 / 7/9 6 3 : 1 1
6 /6 / 9 6 2 3 :2 1
6 /7 /96 0 : 1 2
6 /7 /9 6 1 :0 3
6 /7 /9 6 1 :5 4







59 3 0 8
5 2 4 7 5
5 53 8 4
5 4 4 8 3
8 A - 1
8 A - 2
8 A - 3
8 A - 4
8 A - 5
2 5 4 3
2 5 2 7
25 2 4
2 5 3 8
25 3 7
3 5 6 3
3 4 3 1
3 4 7 4
3 4 9 1






6 /6 S 6
6 /6 /9 6
6 /6 /9 6
6 /6 / 9 6
6 /6 /9 6
1 7 :3 0
1 7 :3 0
1 7 :3 1
1 7 :3 1
1 7 :3 1
3 1 6 6 5
29 1 2 4
3 0 3 8 0
3 0 9 9 8
29 6 3 0
2 8 5 3 4
2 5 9 9 3
2 7 2 4 9
2 7 8 6 7
2 6 4 9 9
3 1 5 9
3 4 3 5
3 2 9 3
3 2 2 6
3 3 75
6 /7 /9 6 3 : 43
6 / 7 /9 6 4 : 19
6 /7 / 9 6 4 :5 3
6 /7 /9 6 5 : 2 6
6 / 7/9 6 6 :0 1
6 /7 /9 6 3 : 2 7
6 /7 /9 6 4 :0 1
6 /7 /9 6 4 :3 6
6 /7 /9 6 5 :0 9






2 9 6 8 2 1
3 0 6 4 1 8
3 0 6 9 7 1
3 1 4 2 6 2
3 150 0 1
8 8 - 1
8 B - 2
8 B - 3
8 B - 4
8 B - 5
2 5 2 5
2 5 3 9
2 5 4 7
2 5 4 9
2 5 2 7
3 5 0 1
3 4 5 3
3 5 6 8
3 5 1 4






6 /6 / 9 6
6 /6 /9 6
6 /6 / 9 6
6 /6 /9 6
6 /6 / 9 6
1 7 :3 4
1 7 :3 4
1 7 :3 5
1 7 :3 5
1 7 :3 5
1 5 3 5 2
1 3 6 22
1 5 2 6 4
1 5 2 8 6
1 4 7 9 8
12 2 2 1
10 4 9 1
12 1 3 3
12 1 5 5
1 1 6 6 7
5 0 0 0
50 0 0
5 0 00
5 0 0 0
5 0 0 0
6 / 7/9 6 6 :5 3
6 /7 /9 6 7 : 4 4
6 /7 /9 6 8 :3 5
6 /7 /9 6 9 : 2 6
6 / 7 /9 6 1 0 : 1 8
6 /7 /9 6 6 :2 8
6 /7 /9 6 7 : 1 9
6 /7 /9 6 8 : 1 0
6 /7 / 96 9 :0 1






1 3 5 8 5 1
1 253 33
1 305 7 9
1 3 92 9 9






2 5 3 5
2 5 3 3
2 5 6 4
2 5 3 6
2 5 4 4
3 5 1 3
3 4 3 0
3 5 6 7
3 5 0 4







6 /6 /9 6
6 /6 /9 6
6 /6 / 9 6
6 /6 /9 6
1 7 :5 5
1 7 :5 5
1 7 :5 6
1 7 :5 6
1 7 :5 6
2 0 6 9 1
19 5 9 6
20 7 2 5
19 6 8 6
1 8 4 0 6
1 7 5 6 0
1 6 4 6 5
1 7 5 9 4
16 5 5 5
15 2 7 5
4 8 3 3
5 0 0 0
4 8 25
5 0 0 0
5 0 0 0
6 / 7 /9 6 1 1 :0 8
6 / 7 /9 6 1 1 :5 9
6 / 7 /9 6 1 2 : 48
6 / 7 /9 6 1 3 : 40
6 / 7/9 6 1 4 :3 1
6 / 7/9 6 1 0 : 4 3
6 / 7 /9 6 1 1 :3 4
6 / 7/9 6 1 2 : 2 3
6 / 7 /9 6 1 3 : 1 5






20 0 6 5 0
20 6 4 2 7
1 9 8 4 89
19 4 7 7 0
1 9 2 3 9 7
10 - 1
10 - 2
1 0 - 3
10 - 4
10 5
2 5 4 2
2 5 4 5
2 5 3 8
2 5 4 0
2 5 4 0
3 4 9 7
36 1 0
3 5 0 8
3 4 9 1





1 0 5 4
6 /6 /9 6
6 /6 / 9 6
& 6 I 9 6
6 I& 9 6
6 /6 / 9 6
1 8 :3 7
1 8 :3 7
1 8 :3 7
1 8 :3 8
1 8 :3 8
2 4 6 3 9
268 6 5
2 4 4 0 2
2 4 2 0 0
2 7 1 8 9
2 1 5 0 8
2 3 7 3 4
2 1 2 7 1
2 1 0 6 9
2 4 0 5 8
4 0 5 9
3 7 2 3
4 0 9 8
4 1 3 3
3 6 7 8
6 / 7 /9 6 1 9 :3 0
6 / 7 /96 2 0 :0 8
6 / 7 /9 6 2 0 :5 0
6 / 7 /9 6 2 1 :3 3
6 / 7 /9 6 2 2 : 1 1
6 / 7/ 9 6 1 9 :0 9
6 / 7 /9 6 1 9 4 9
6 / 7/ 9 6 20 :2 9
6 / 7 /9 6 2 1 : 1 2






2 6 6 8 2 7
2 6 5 3 54
2 6 2 4 3 1
2 6 65 33
2 7 6 0 0 1
11 A - 1
1 1 A - 2
1 1 A - 3
11A - 4
1 1 A - 5
2 5 4 3
25 3 2
2 5 4 0
2 5 3 2
2 5 2 8
3 4 3 9
K 1 0








6 « « 6
6 /5 /9 6
6 / 5 /9 6
6 /5 / 9 6
6 /5 /9 6
1 7 :2 5
1 7 :2 5
1 7 :2 5
1 7 :2 6
1 7 :2 6
5 9 9 4
5 7 9 2
5 9 3 0
6 7 3 8
5 9 0 2
2 8 6 3
2 6 6 1
2 7 9 9
3 6 0 7
27 7 1
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
6 /6 /9 6 1 0 :5 7
6 /6 /9 6 1 1 : 48
6 /6 /9 6 1 2 : 3 9
6 /6 /9 6 1 3 :3 0
6 / 6 /9 6 1 4 : 2 2
6 / 6 /9 6 10 :3 2
6 / 6 /9 6 1 1 :2 3
6 / 6 /9 6 12 : 1 4
6 / 6 /9 6 1 3 :0 5






3 5 7 9 0
3 0 6 7 2
3 0 1 5 8
3 9 2 2 1
3 13 7 5
1 1 B - 1
1 1 B - 2
1 1 B - 3
1 1 B - 4
1 1 B - 5
25 3 6
2 5 4 4
2 5 3 4
2 5 2 1
2 5 2 2
3 6 1 3
3 6 1 9
3 5 8 0
3 5 1 9
3 6 6 6
1 0 7 7
1 0 7 5
1 0 4 6
9 9 8
1 1 4 4
6 /5 / 96
6 /5 /9 6
6 /5 / 9 6
6 /5 /9 6
6 /5 / 9 6
1 7 :2 6
1 7 :2 6
1 7 :2 7
1 7 :2 7
1 7 :2 7
5 1 2 6
5 2 1 2
5 1 7 6
5 0 3 4
5 3 2 4
19 9 5
2 0 8 1
2 0 4 5
1 9 0 3
2 1 9 3
50 0 0
5 0 00
5 0 0 0
5 0 0 0
5 0 0 0
6 /6 /9 6 1 5 : 13
6 /6 /9 6 1 6 :0 4
6 /6 /9 6 1 6 :5 5
6 /6 /9 6 1 7 : 4 7
6 /6 /9 6 1 8 :3 8
6/6 / 96 1 4 :4 8
6 /6 /9 6 1 5 :3 9
6 /6 /9 6 1 6 :3 0
6 /6 /9 6 1 7 : 2 2






2 1 4 2 5
2 2 5 3 5
2 2 9 0 3
2 2 4 8 4
2 2 7 5 0
12 - 1
1 2 - 2




2 5 4 4
2 5 5 2
2 5 3 7
2 5 3 2
35 88
3 5 1 2
36 4 1





1 0 0 8
10 9 6
6/6 / 9 6
6 /6 /9 6
6 /6 « 6
6 /6 / 9 6
6 /6 /9 6
1 8 : 19
1 8 : 19
1 8 : 1 9
1 8 :2 0
1 8 :2 0
133 6 8
1 1 8 8 6
1 2 9 8 6
1 2 2 2 6
1 3 0 5 8
10 2 3 7
8 7 5 5
9 8 5 5
9 0 9 5
9 9 2 7
50 00
5 0 0 0
5 0 0 0
5 0 0 0
50 0 0
6/ 7/96 1 5 : 22
6 / 7 /9 6 1 6 : 1 3
6 / 7 /9 6 1 7 :0 5
6 / 7 /9 6 1 7 :5 6
6 / 7 /9 6 1 8 : 4 7
6/ 7 /96 14 :5 7
6 / 7 /9 6 1 5 :4 8
6 / 7 /9 6 16 : 4 0
5 / 7/9 6 1 7 :3 1






1 1 2 5 73
10 4 7 0 4
1 0 5 4 5 2
10 5 8 0 5






2 5 3 6
25 4 0
2 5 4 4
25 2 9
25 3 9







1 1 8 1
10 6 7
1 0 0 8
6 /5 /9 6
6/5 /9 6
6 /^ 9 6
6 /5 /9 6
6« 9 6
1 6 :5 5
16 :5 5
1 6 :5 5
1 6 :5 6
1 6 :2 2
6 4 2 8
65 40
7 0 9 2
6 3 72
6 2 3 2
3 2 9 7
3 4 0 9
3 9 6 1
3 2 4 1






6 /6 /9 6 6 : 40
6/6 /9 6 7 : 3 2
6 / 6 /9 6 8 : 2 3
6 /6 / 96 9 : 1 4
6 /6 /9 6 1 0 :0 5
6 /6 /9 6 6 : 1 5
6 /6 / 96 7 :0 7
6 /6 S 6 7 :5 8
6 /6 /9 6 8 : 4 9






3 3 5 4 0
34 3 93
3 6 9 8 4
3 3 7 0 6
34 5 06
7 7
T a b l e A 6 : S pe c i a l T e s t # 1 - Ra w Da t a
S A M P LE
D E S I G N A T I O N
B A C K
BA C K
B A C K
B A C K





























































P R E - P O S T - S A M P L E S A M P L E
W EIG H T W E I G H T W E I G H T T I M E
(g m ) (g m ) (g m )
2 5 3 5
2 5 3 8
2 5 3 5
2 5 2 7
2 5 3 6
2 5 3 8
2 5 4 4
2 5 3 6
2 5 5 3
2 5 5 2
2 5 3 9
2 5 4 5
2 5 5 2
2 5 4 5
2 5 3




2 5 5 5
2 5 2 8
2 5 2 9
2 5 3 7
2 5 4 3
2 5 2 3
2 5 3 6
2 5 3 1
2 5 3 5
2 5 3 9
2 5 3 2
2 5 3 6
2 5 3 4
2 5 4 2
2 5 3 3
2 5 3 9
2 5 4
2 5 4 5
2 5 3 7
2 5 3 1
2 5 2 4
2 5 3 6
2 5 2 9
2 5 4 3
2 5 4 7
2 5 4 1
25 3
2 5 4 2
2 5 3 7
2 5 4 9
25 2 9
25 4 2
2 5 2 4
2 5 2 3
2 5 2 8
2 5 3 4
25 3 5
2 5 3 8
2 5 3 4
2 5 3
2 5 4 5
3 5 8 5
3 5 7 1
3 5 9
3 6 4 5
3 7 3 8
3 5 8 1
3 5 4 8
3 5 8 1
3 5 8 1
3 6 5 9
3 6 3 1
3 6 2 8
3 6 0 7
3 5 7 6
3 5 3 5
3 5 4 7
3 5 5 2
3 5 3 1
3 5 4 1
3 5 5 9
3 5 2
3 5 7
3 5 1 2
3 5 5 8
3 5 7 6
3 6 4 4
3 5 8 8
3 5 1 1
3 6 0 4
3 6 3 3
3 5 8 7
3 6 2 1
3 6 9 6
3 5 3 9
3 6 7 9
3 5 1
3 5 9 7
3 5 8 2
3 5 8 9
3 5 6
3 5 8 7
3 6 0 1
3 5 8 4
3 5 3
3 4 7 3
3 4 6 2
3 5 9
3 5 4
3 5 4 8
3 5 0 7
3 6 4 7
3 4 8 3
3 5 5
3 5 8 2
3 5 5
3 5 6 2
3 4 8 7
3 5 2 1
3 5 1 5
3 5 2 2
1 0 5 0
1 0 3 3
1 0 5 5
1 1 1 8
1 2 0 2
1 0 4 3
1 0 0 4
1 0 4 5
1 0 2 8
1 1 0 7
1 0 9 2
1 0 8 3
1 0 5 5
1 0 3 1
1 0 0 5
1 0 1 3
1 0 2 2
9 9 1
9 9 1
1 0 0 4
9 9 2
1 0 4 1
9 7 5
1 0 1 5
1 0 5 3
1 1 0 8
1 0 5 7
9 7 6
1 0 6 5
1 1 0 1
1 0 5 1
1 0 8 7
1 1 5 4
1 0 0 6
1 1 4 0
9 7 0
1 0 5 2
1 0 4 5
1 0 5 8
1 0 3 6
1 0 5 1
1 0 7 2




1 0 4 8
1 0 0 3
9 9 9
9 7 8
1 1 0 5
9 5 9
1 0 2 7
1 0 5 4
1 0 1 6





6 / 2 6 / 9 6 1 0 : 1 5
6 / 2 6 / 9 6 1 0 : 1 5
6 / 2 6 / 9 6 1 0 :1 6
6 / 2 6 / 9 6 1 0 :1 6
6 / 2 6 / 9 6 1 0 :1 7
6 / 2 6 / 9 6 1 0 :3 0
6 / 2 6 / 9 6 1 0 :3 0
6 / 2 6 / 9 6 1 0 :3 1
6 / 2 6 / 9 6 1 0 :3 1
6 / 2 6 / 9 6 1 0 :3 2
6/ 2 6 / 9 6 1 0 :4 5
6 / 2 6 / 9 6 1 0 :4 5
6 / 2 6 / 9 6 1 0 :4 6
6 / 2 6 / 9 6 1 0 :4 6
6 / 2 6 /9 6 1 0 :4 7
6 / 2 6 / 9 6 1 1 :0 0
6 / 2 6 / 9 6 1 1 :0 0
6 / 2 6 / 9 6 1 1 :0 1
6 / 2 6 / 9 6 1 1 :0 1
6 / 2 6 / 9 6 1 1 :0 2
6 / 2 6 / 9 6 1 1 :3 0
6 / 2 6 / 9 6 1 1 :3 0
6 / 2 6 / 9 6 1 1 :3 1
6 / 2 6 / 9 6 1 1 :3 1
6 / 2 6 / 9 6 1 1 :3 2
6 / 2 6 / 9 6 1 2 : 0 0
6 / 2 6 / 96 1 2 : 0 0
6 / 2 6 / 9 6 1 2 : 0 1
6 / 2 6 / 9 6 1 2 : 0 1
6 / 2 6 / 9 6 1 2 : 0 2
6 / 2 6 / 9 6 1 4 :0 2
6 / 2 6 /9 6 1 4 :0 4
6 / 2 6 / 9 6 1 4 : 0 6
6 / 2 6 / 9 6 1 4 :0 8
6 / 2 6 / 9 6 1 4 :1 0
6 / 2 6 / 9 6 1 4 :1 2
6 / 2 6 / 9 6 1 4 : 1 4
6 / 2 6 / 9 6 1 4 : 1 6
6 / 2 6 / 9 6 1 4 : 1 8
6 / 2 6 / 9 6 1 4 : 2 0
6 / 2 6 / 9 6 1 6 :0 2
6 / 2 6 / 9 6 1 6 : 0 4
6 / 2 6 / 9 6 1 6 :0 6
6 / 2 6 / 9 6 1 6 : 0 8
6 / 2 6 / 9 6 1 6 : 1 0
6 / 2 6 / 9 6 1 6 :1 2
6 / 2 6 / 9 6 1 6 :1 4
6 / 2 6 / 9 6 1 6 : 1 6
6 / 2 6 / 9 6 1 6 : 1 8
6 / 2 6 / 9 6 1 6 : 2 0
6 / 2 6 / 9 6 1 8 : 0 2
6 / 2 6 / 9 6 1 8 : 0 4
6 / 2 6 / 9 6 1 8 :0 6
6 / 2 6 / 9 6 1 8 :0 8
6 / 2 6 / 9 6 1 8 : 1 0
6 / 2 6 / 9 6 1 8 : 1 2
6 / 2 6 / 9 6 1 8 : 1 4
6 / 2 6 / 9 6 1 8 : 1 6
6 / 2 6 / 9 6 1 8 :1 8









3 2 0 8
3 2 5 8
3 1 5 6
3 1 7 8
7 2 1 5 1 1
2 2 2 5 9
2 1 9 6 1
2 2 4 8 7
2 2 1 3 9
2 4 6 6 9
1 9 2 8 6
20 1 3 3
2 0 5 7 2
1 9 5 3 6
1 9 8 4 2
2 0 4 3 9
2 0 6 4
2 0 1 4 9
1 9 1 7
1 7 9 8 4
1 8 5 4 6
1 8 5 5
1 7 2 8 4
1 7 1 9 4
1 6 5 7
1 7 2 4 8
1 9 3 1 8
1 7 5 1 4
1 7 6 1 8
1 8 1 6 6
1 9 4 4 8
1 8 7 2 4
1 8 0 5 4
1 8 9 1 6
1 8 9 7 8
1 8 9 3 4
1 8 8 4 2
2 0 5 2 5
1 5 2 2
2 1 7 4 6
1 7 5 1 2
1 6 8 9 4
1 6 7 9 4
1 1 6 7
1 1 0 3 4
2 0 3 5 2
1 9 9 9 8
1 7 4 2
1 5 4 3 4
1 2 8 8
1 7 3 7 6
1 9 4 4 2
1 6 2
1 7 8 4 6
1 5 3 9
1 7 7 0 2
1 4 7
1 8 4 9
1 8 3 9 6
1 7 0 1 2
1 5 6 5 6
1 3 7 1 8
1 2 3 8 6
1 1 2 0 8
9 8 5 6
1 9 0 5 9
1 8 7 6 1
1 9 2 8 7
1 8 9 3 9
2 1 4 6 9
1 6 0 8 6
1 6 9 3 3
1 7 3 7 2
1 6 3 3 6
1 6 6 4 2
1 72 3 9
1 7 4 4 0
1 6 9 4 9
1 5 9 7 0
1 4 7 8 4
1 5 3 4 6
1 5 3 5 0
1 4 0 8 4
1 3 9 9 4
1 3 3 7 0
1 4 0 4 8
1 6 1 1 8
1 4 3 1 4
1 4 4 1 8
1 4 9 6 6
1 6 2 4 8
1 5 5 2 4
1 4 8 5 4
1 5 7 1 6
1 5 7 7 8
1 5 7 3 4
1 5 6 4 2
1 7 3 2 5
1 2 0 2 0
1 8 5 4 6
1 4 3 1 2
1 3 6 9 4
1 3 5 9 4
8 4 7 0
7 8 3 4
1 7 1 5 2
1 6 7 9 8
1 4 2 2 0
1 2 2 3 4
9 6 8 0
1 4 1 7 6
1 6 2 4 2
1 3 0 0 0
1 4 6 4 6
1 2 1 9 0
1 4 5 0 2
1 1 5 0 0
1 5 2 9 0
1 5 1 9 6
1 3 8 1 2
1 2 4 5 6
1 0 5 1 8
9 1 8 6
8 0 0 8
6 6 5 6
F IN IS H ED M ID
C O U N T C O U N T C O U N T E L A P S E D R A D O N
T I M E T I M E T I M E T I M E C O N G
(m i n ) (d a y ) (p C i / L )
5 0 0 0 6 / 2 6 / 9 6 1 4 : 3 7
5 0 0 0 6 / 2 6 /9 6 1 5 : 2 8
5 0 0 0 6 / 2 6 /9 6 1 6 : 2 0
5 0 0 0 6 / 2 6 / 9 6 1 7 : 1 1
1 3 9 6 / 2 6 / 9 6 1 7 : 1 3
4 4 9 3 6 / 2 6 / 9 6 1 7 : 5 9 6 / 2 6 / 9 6 1 7 : 3 6 0 3 1 1 8 9 9 0 0
4 5 5 4 6 / 2 6 / 9 6 1 8 : 4 6 6 / 2 6 / 9 6 1 8 : 2 3 0 3 4 1 9 1 1 2 8
4 4 4 7 6 / 2 6/ 9 6 1 9 :3 2 6 / 26 / 9 6 1 9 :0 9 0 37 1 9 3 4 9 6
4 5 1 7 6 / 2 6 / 9 6 2 0 : 1 9 6 / 2 6 / 9 6 1 9 :5 6 0 4 0 1 8 0 3 5 4
4 0 5 4 6 / 2 6 /9 6 2 1 : 0 0 6 / 2 6 / 9 6 2 0 : 3 9 0 4 3 1 9 1 1 7 6
5 0 6 / 2 6 / 9 6 2 1 : 5 2 6 / 2 6 / 9 6 2 1 : 2 7 0 4 6 1 6 5 7 9 3
4 9 6 8 6 / 2 6 / 9 6 2 2 : 4 3 6 / 2 6/ 9 6 2 2 : 1 8 0 4 9 1 8 2 4 7 4
4 8 6 2 6 / 2 6 / 9 6 2 3 : 3 3 6 / 2 6 / 9 6 2 3 : 0 8 0 5 3 1 8 0 9 8 6
5 0 6 / 2 7 / 9 6 0 : 2 4 6 / 2 6 / 9 6 2 3 : 5 9 0 5 6 1 7 4 1 0 7
5 0 6 / 2 7 / 9 6 1 : 1 6 6 / 2 7 / 9 6 0 :5 1 0 6 0 1 6 5 7 7 2
4 8 9 3 6 / 2 7/ 96 2 : 06 6/ 27 / 9 6 1 : 4 1 0 6 2 1 7 4 9 0 3
4 8 4 6 6 / 2 7 / 9 6 2 : 5 6 6 / 2 7 / 9 6 2 : 3 1 0 6 6 1 7 9 5 4 5
4 9 6 4 6 / 2 7 / 9 6 3 : 4 7 6 / 2 7 / 9 6 3 : 2 2 0 6 9 1 8 0 2 4 0
5 0 6 / 2 7 / 9 6 4 :3 9 6 / 2 7 / 9 6 4 : 1 4 0 7 3 1 7 4 9 2 1
5 0 6 / 2 7 / 9 6 5 :3 0 6 / 2 7 / 9 6 5 :0 5 0 7 6 1 6 7 1 6 9
5 0 6 / 2 7 / 9 6 6 :2 2 6 / 2 7 / 9 6 5 :5 7 0 7 9 1 7 3 0 0 1
5 0 6 / 2 7 / 9 6 7 : 1 3 6 / 2 7 / 9 6 6 : 4 8 0 8 2 1 7 2 6 2 8
5 0 6 / 2 7 / 9 6 8 :0 4 6 / 27 / 9 6 7 : 3 9 0 8 6 1 6 4 3 7 8
5 0 6 / 2 7 / 9 6 8 :5 6 6 / 2 7 / 9 6 8 : 3 1 0 9 0 1 6 4 4 0 1
5 0 6 / 2 7 / 9 6 9 :4 7 6 / 2 7 / 9 6 9 :2 2 0 9 3 1 5 6 0 1 6
5 0 6 / 2 7 / 9 6 1 0 :3 9 6 /2 7 / 9 6 1 0 : 1 4 0 9 5 1 6 6 4 1 3
5 0 6 / 2 7 / 9 6 1 1 :3 0 6 /2 7 / 9 6 1 1 :0 5 0 9 8 1 8 3 1 2 0
5 0 6 / 2 7 /9 6 1 2 : 2 1 6 / 2 7 / 9 6 1 1 : 5 6 1 0 2 1 7 4 7 3 0
5 0 6 / 2 7 /9 6 1 3 : 1 3 6 / 2 7 / 9 6 1 2 : 4 8 1 0 5 1 7 0 1 7 4
5 0 6 / 2 7 / 9 6 1 4 :0 4 6 /2 7 / 9 6 1 3 : 3 9 1 0 9 1 7 1 3 4 4
5 0 6 / 2 7 / 9 6 1 4 :5 6 6 / 2 7 / 9 6 1 4 :3 1 1 1 0 1 7 7 3 2 3
5 0 6 / 2 7 / 9 6 1 5 :4 7 6 / 2 7 / 9 6 1 5 :2 2 1 1 4 1 7 8 7 4 0
5 0 6 / 2 7 / 9 6 1 6 :3 8 6 / 2 7 / 9 6 1 6 :1 3 1 18 1 8 6 3 9 0
5 0 6 / 2 7 / 9 6 1 7 :3 0 6 / 2 7 / 9 6 1 7 :0 5 1 2 1 1 8 1 9 1 5
5 0 6 / 2 7 / 9 6 1 8 :2 1 6 / 2 7 / 9 6 1 7 :5 6 1 2 5 1 7 7 7 7 7
5 0 6 / 2 7 / 9 6 1 9 : 1 3 6 / 2 7 / 9 6 1 8 :4 8 1 2 0 1 8 4 1 3 1
5 0 6 / 2 7 / 9 6 2 0 :0 4 6 / 2 7 / 9 6 1 9 :3 9 1 2 3 1 7 8 0 8 8
4 8 7 2 6 / 2 7 / 9 6 2 0 :5 4 6 / 2 7 / 9 6 2 0 :2 9 1 2 7 1 8 6 9 3 9
5 0 6 / 2 7 / 9 6 2 1 :4 6 6 / 2 7 / 9 6 2 1 :2 1 1 3 0 1 4 9 7 0 6
4 5 9 9 6 / 2 7 / 9 6 2 2 : 3 3 6 / 2 7 / 9 6 2 2 : 1 0 1 3 3 2 0 5 0 4 5
5 0 6 / 2 7 / 9 6 2 3 :2 5 6 / 2 7 / 9 6 2 3 :0 0 1 3 7 1 8 7 0 9 4
5 0 6 / 2 8 / 9 6 0 : 1 6 6 /2 7 / 9 6 2 3 :5 1 1 4 0 1 6 6 0 8 3
5 0 6 / 2 8 / 9 6 1 :0 7 6 / 2 8 / 9 6 0 :4 2 1 4 3 1 6 7 0 0 3
5 0 6 / 2 8 / 9 6 1 :5 9 6 / 2 8 / 9 6 1 :3 4 1 4 7 1 0 3 4 2 5
50 6 / 2 8 / 9 6 2 :5 0 6 / 2 8 / 9 6 2 :2 5 1 5 0 9 8 2 9 5
4 9 1 4 6 / 2 8 / 9 6 3 :4 1 6 / 2 8 / 9 6 3 : 1 6 1 4 7 2 1 0 7 9 2
5 0 6 / 2 8 / 9 6 4 :3 2 6 / 2 8 / 9 6 4 :0 7 1 5 0 2 0 3 6 4 0
5 0 6 / 2 8 / 9 6 5 :2 4 6/ 2 8 / 9 6 4 :5 9 1 5 4 1 7 8 6 4 2
5 0 6 / 2 8 / 9 6 6 : 1 5 6 / 2 8 / 9 6 5 :5 0 1 5 7 1 6 3 7 6 9
5 0 6 / 2 8 / 9 6 7 :0 7 6 / 2 8 / 9 6 6 :4 2 1 6 1 1 3 7 5 3 4
5 0 6 / 2 8 / 9 6 7 :5 8 6 / 2 8 / 9 6 7 :3 3 1 6 4 2 0 2 6 6 1
5 0 6 / 2 8 / 9 6 8 :4 9 6/ 2 8 / 9 6 8 :2 4 1 6 7 2 0 7 7 7 4
5 0 6 / 2 8 / 9 6 9 :4 1 6/ 2 8 / 9 6 9 :1 6 1 7 1 1 7 4 8 6 1
5 0 6 / 2 8 / 9 6 1 0 :3 2 6 /2 8 / 9 6 1 0 :0 7 1 7 4 1 9 9 0 1 4
5 0 6 / 2 8 / 9 6 1 1 :2 4 6 / 2 8 / 9 6 1 0 :5 9 1 7 8 1 7 0 2 6 7
5 0 6 / 2 8 / 9 6 1 2 : 1 5 6 / 2 8 / 9 6 1 1 :5 0 1 7 4 1 7 8 1 3 2
5 0 6/ 28 / 9 6 1 3 :0 6 6 / 2 8 / 9 6 1 2 :4 1 1 7 8 1 6 3 7 7 1
5 0 6 / 2 8 / 9 6 1 4 : 1 5 6 / 2 8 / 9 6 1 3 :5 0 1 8 2 2 0 5 0 5 0
5 0 6 /2 8/ 9 6 1 5 :0 7 6 / 2 8/ 9 6 1 4 :4 2 1 8 6 1 9 9 8 2 4
5 0 6 / 2 8 / 9 6 1 5 :5 8 6 / 2 8 / 9 6 1 5 :3 3 1 8 9 1 8 9 5 8 4
5 0 6 / 2 8 / 9 6 1 6 :5 0 6 / 2 8 / 9 6 1 6 :2 5 1 9 3 1 7 0 2 0 9
5 0 6 / 2 8 / 9 6 1 7 :4 1 6 / 2 8 / 9 6 1 7 :1 6 1 9 6 1 5 6 5 0 3
5 0 6/ 28 / 9 6 1 8 :3 3 6 / 2 8 / 9 6 1 8 :0 8 1 9 9 1 3 2 2 5 2
5 0 6 / 2 8 / 9 6 1 9 :2 4 6 / 2 8 / 9 6 1 8 :5 9 2 0 3 1 1 6 2 4 1
5 0 6 / 2 8 / 9 6 2 0 : 1 6 6 /2 8 / 9 6 1 9 :5 1 2 0 6 9 8 0 2 3
7 8
T a b le A 7 : S pe c i a l T e s t # 2
- R a w D a t a
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(g m ) (g m )





















































2 5 6 3
2 5 4 9
2 5 4 5
2 5 5
2 5 5 4
2 5 5 9
2 5 5 1
2 5 6 1
2 5 4 3
2 5 5 2
2 5 4 6
2 5 5 5
2 5 4 5
2 5 6 1
2 5 6 8
2 5 5 9
2 5 6 3
2 5 5 7
2 5 6 5
2 5 5 1
2 5 3
2 5 3 5
2 5 4 3
2 5 3 7
2 5 3 8
2 5 4
2 5 2 7
2 5 3
2 5 3 6
2 5 2 8
2 5 3 5
2 5 3 7
2 5 4
2 5 3 7
2 5 4 3
2 5 2
2 5 4
2 5 3 1
2 5 3 9
2 5 3 2
2 5 2 6
2 5 3 9
2 5 3 7
2 5 4
2 5 3 1
2 5 1 8
2 5 3 4
2 5 4 3
2 5 3 3
2 5 2 9
2 5 4
2 5 4 3
2 5 2 3
2 5 2 7
2 5 3 3
2 5 3 9
2 5 3 8






3 5 4 4
3 4 2 8
3 4 8 8
3 5 14
3 4 8 1
3 5 3 1
3 6 3 1
3 5 2 9
3 5 2 4
3 4 6
3 5 8 9
3 5 47
3 5 8 7
3 5 8 8
3 5 5 5
3 5 4
3 6 0 6
3 5 4 9
3 5 2
3 4 8 6
3 5 9 7
3 5 7 1
3 6 3 2
3 5 5 6
3 5 7 2
3 5 3 1
3 5 13
3 6 0 2
3 6 2 8
3 5 4 6
3 5 7
3 7 0 3
3 4 4 9
3 6 0 9
36 5 8
3 5 4 8
3 6 3 7
3 4 9 2
3 4 7 6
3 5 1 9
3 5 2 1
3 6
3 4 3 8
3 4 8 6
3 5 3 7
3 4 9 9
35 3 5
3 5 1 5
3 5 1 1
3 4 5 8
3 4 5 7
3 5 4 3
3 5 2 9
35 6 1
36 3 8
3 6 5 5














1 0 2 8
9 7 9
1 0 2 8
1 0 2 5
9 9 8
9 7 5





1 0 3 3






1 0 9 1




1 0 6 9
1 1 2 7
1 0 0 9


















1 1 1 6
1 1 15
10 3 1
6 /2 7 /9 6
6 / 2 7 /9 6
6 / 2 7 /9 6
6 / 2 7 /9 6
6 / 2 7 /9 6
6 /2 7 /9 6
6 /2 7 /9 6
6 /2 7 /9 6
6 /2 7 /9 6
6 /2 7 /9 6
6 /2 7 /9 6
6/ 2 7 /9 6
6 /2 7 /9 6
6 /2 7 /9 6
6 /2 7 /9 6
6 /2 7 /9 6
6 /2 7 /9 6
6 /2 7 /9 6
6/ 2 7 / 9 6
6/ 2 7 /9 6
6 /2 7 /9 6
6 /2 7 /9 6
6 /2 7 /9 6
6 / 2 7 /9 6
6/ 2 7/ 9 6
6/ 2 7 /9 6
6 /2 7/ 9 6
6 /2 7/ 9 6
6/ 2 7 /9 6
6 /2 7/ 9 6
6 / 2 7 / 9 6
6/ 2 7 /9 6
6 / 2 7 /9 6
6 / 2 7 / 9 6
6 /2 7/ 9 6
6 /2 7/ 9 6
6/ 2 7/ 9 6
6 /2 7/ 9 6
5 / 2 7 /9 6
6/ 2 7 /9 6
6 / 2 7 / 96
5 / 2 7 / 9 6
5 / 2 7/ 9 6
5 / 2 7 /9 6
6 / 2 7 /9 6
5 / 2 7 / 9 6
6 / 2 7 /9 6
6 /2 7/ 9 6
6 / 2 7/ 96
6 /2 7 / 96
6 / 2 7 / 9 6
5 /2 7 /9 6
6 /2 7 / 9 6
6 / 2 7 / 9 6
6 / 2 7/ 96
6 / 2 7 / 96
6 / 2 7 / 96
6 /2 7 / 9 6
6 / 2 7 / 9 6
6 /2 7 /9 6
1 0 16
1 0 : 1 6
1 0 : 16
1 0 : 17
1 0 : 1 7
1 0 : 3 5
1 0 : 3 5
1 0 : 3 5
1 0 : 3 6
1 0 : 3 6
1 0 : 5 5
10 : 5 5
1 0 : 5 5
1 0 : 5 6
1 0 : 5 6
1 1 : 1 5
1 1 : 1 5
1 1 : 1 5
1 1 : 16
1 1 : 1 6
1 1 : 4 5
1 1 : 4 5
1 1 : 4 5
1 1 : 4 6
1 1 : 4 6
12 : 1 5
12 : 1 5
12 : 1 5
1 2 : 1 6
12 : 1 6
13 : 1 5
13 : 1 5
13 : 1 5
13 : 1 6
13 : 1 6
14 : 1 5
14 : 1 5
14 : 1 5
14 : 1 6
14 : 1 6
1 5 : 1 5
15 : 1 5
1 5 : 1 5
15 : 1 6
1 5 : 1 6
1 6 : 1 5
16 : 1 5
16 : 1 5
1 6 : 1 6
1 6 : 1 6
1 7 : 1 5
1 7 : 1 5
17 : 1 5
17 : 1 6
17 : 1 6
1 8 : 1 5
1 8 : 1 5
18 : 1 5
1 8 : 1 6
1 8 : 1 6







3 1 5 2
7 2 6 0 8 7
2 06 2 3
1 6 9 18
1 6 5 3 2
1 6 1 8 6
1 3 7 5 6
1 6 5 2 2
1 7 1 0 2
1 5 2 7 2
1 6 2 1 6
1 7 4 8 4
1 5 1 8
14 1 7 2
1 3 4 3 2
1 5 6 8 8
1 4 5 8 2
1 5 9 3 2
1 5 0 2 6
1 4 9
1 4 5 1
15 9 9 8
1 4 8 7 8
1 4 5 3 6
1 2 8 9 2
1 5 1 8 4
13 8 4 6
15 2 6 4
14 7 4
1 3 9 7 4
13 9 2 2
13 6 0 6
14 3 5 8
1 3 8
13 2 6 6
1 3 4 7 8
1 5 1 4 6
12 7 3
13 3 8 8
1 4 6 6 4
12 9 8
13 8 7
1 2 1 4 8
1 1 3 1 8
1 1 7 8 6
1 13 7 2
12 8 8 4
1 14 5
1 16 3 2
1 19 6 4
12 1 8 2
1 2 6 8 6
1 15 8 6
1 1 7 6
1 18 9 2
1 10 5 8
1 1 8
1 1 2 2 2
1 16 7 8
1 2 6 4 8
1 2 0 2
1 1 5 2 8
1 7 4 3 7 5
1 3 7 3 2 5
1 3 3 4 6 5
1 3 0 0 0 5
1 0 5 7 0 5
1 3 3 3 6 5
1 3 9 16 5
1 2 0 8 6 5
1 3 0 3 0 5
1 4 2 9 8 5
1 1 9 9 4 5
10 9 8 6 5
1 0 2 4 6 5
1 2 5 0 2 5
1 1 3 9 6 5
1 2 7 4 6 5
1 1 8 4 0 5
1 1 7 1 4 5
1 1 3 2 4 5
12 8 1 2 5
1 1 6 9 2 5
1 1 3 5 0 5
9 7 0 6 5
1 1 9 9 8 5
10 6 6 0 5
12 0 7 8 5
1 15 5 4 5
10 7 8 8 5
10 7 3 6 5
10 4 2 0 5
1 1 1 7 2 5
10 6 1 4 5
10 0 8 0 5
10 2 9 2 5
1 19 6 0 5
9 5 4 4 5
10 2 0 2 5
1 14 7 8 5
9 7 9 4 5
10 6 8 4 5
8 9 6 2 5
8 1 3 2 5
8 6 00 5
8 1 8 6 5
9 6 9 8 5
8 2 6 4 5
8 4 4 6 5
8 7 7 8 5
8 9 9 6 5
9 5 0 0 5
8 4 0 0 5
8 5 7 4 5
8 7 0 6 5
7 8 7 2 5
8 6 1 4 5
8 0 36 5
8 4 9 2 5
9 4 6 2 5
8 8 3 4 5
8 3 4 2 5
F I N I S H E D M I D
C O U N T C O U N T C O U N T
T IM E T IM E T IM E
(m in )
5 0 6 /2 9 / 9 6 16 : 17
5 0 6 / 2 9/ 9 6 1 7 :0 8
5 0 6 /2 9 / 9 6 17 :5 9
5 0 6 /2 9 / 96 1 8 : 5 1
1 3 8 6 /2 9 / 9 6 1 8 : 5 3
4 8 4 9 6 /2 9 /9 6 1 9 : 4 3 3 5 2 4 5 8
5 0 6/ 2 9 /9 6 2 0 : 3 4 3 5 2 4 5 8 4
5 0 6 /2 9 /9 6 2 1 : 2 6 3 5 2 4 5 8 8
5 0 6 /2 9 /9 6 2 2 : 17 3 5 2 4 5 9 1
5 0 6 / 2 9 / 9 6 2 3 : 0 8 3 5 2 4 5 9 5
5 0 6 /3 0 /9 6 0 : 0 0 3 5 2 4 5 9 8
5 0 6 /3 0 / 9 6 0 : 5 1 3 5 2 4 6 0 2
5 0 6 / 3 0 / 9 6 1 : 4 3 35 2 4 6 0 5
5 0 6/ 3 0 /9 6 2 : 3 4 3 5 2 4 6 0 9
5 0 6 /3 0 /9 6 3 : 2 6 3 5 2 46 1 3
5 0 6 /3 0 /9 6 4 : 1 7 3 5 2 46 1 6
5 0 6/ 3 0 /9 6 5 : 0 8 3 5 2 4 6 2
5 0 6 /3 0 /9 6 6 : 0 0 3 5 2 4 6 2 3
5 0 6 /3 0 /9 6 6 : 5 1 3 5 2 4 6 2 7
5 0 6 /3 0 / 9 6 7 : 4 3 3 5 2 4 6 3
5 0 6 /3 0 /9 6 8 : 3 4 3 5 2 46 3 4
5 0 6/ 3 0 /9 6 9 : 2 5 3 5 2 4 6 3 8
5 0 6 / 3 0 /9 6 1 0 : 1 7 3 5 2 4 6 4 1
5 0 6 /3 0 /9 6 1 1 : 0 8 3 5 2 4 6 4 5
5 0 6 / 3 0 /9 6 1 1 : 5 9 3 5 2 4 6 4 8
5 0 6 /3 0 /9 6 1 2 : 5 1 3 5 2 4 6 5 2
5 0 6 /3 0 /9 6 1 3 : 4 2 3 5 2 4 6 5 5
5 0 6 /3 0 /9 6 1 4 : 3 4 3 5 2 4 6 5 9
5 0 6 / 3 0 /9 6 1 5 : 2 5 3 5 2 4 6 6 3
50 6 /3 0 /9 6 16 : 1 7 3 5 2 4 6 6 6
5 0 6 / 3 0 /9 6 17 : 0 8 3 5 2 4 6 7
5 0 6 /3 0 / 9 6 18 :0 0 3 5 2 4 6 7 3
50 6 /3 0/ 9 6 18 : 5 1 3 5 2 4 6 7 7
50 6 / 3 0 /9 6 1 9 : 4 3 3 5 2 4 6 8
50 6 / 3 0/ 9 6 2 0 : 3 4 3 5 2 4 6 8 4
50 6 /3 0 /9 6 2 1 : 2 6 3 5 2 4 6 8 8
5 0 6 / 3 0 /9 6 2 2 : 1 7 3 5 2 4 6 9 1
50 6 / 3 0 /9 6 2 3 : 0 9 3 5 2 4 6 9 5
5 0 7 / 1/ 9 6 0 :0 0 3 5 2 4 6 9 8
50 7 / 1 /9 6 0 : 5 1 3 5 2 4 7 0 2
50 7 / 1/ 9 6 1 : 4 3 3 5 2 4 7 0 5
50 7/ 1 /9 6 2 : 3 4 3 5 2 4 7 0 9
50 7 / 1 /9 6 3 : 2 6 3 5 2 4 7 1 3
50 7 / 1 /9 6 4 : 1 7 3 5 2 4 7 1 6
50 7/ 1 /9 6 5 : 0 9 3 5 2 4 7 2
5 0 7 / 1 / 9 6 6 :0 0 3 5 2 4 7 2 3
5 0 7 / 1 / 9 6 6 : 5 2 3 5 2 4 7 2 7
50 7 / 1 / 9 6 7 : 4 3 3 5 2 4 7 3
5 0 7 / 1 /9 6 8 : 3 5 3 5 2 4 7 3 4
50 7 / 1 /9 6 9 : 2 6 3 5 2 4 7 3 8
50 7 / 1 /9 6 10 : 1 8 3 5 2 4 7 4 1
5 0 7 / 1 /9 6 1 1 : 1 0 3 5 2 4 7 4 5
5 0 7/ 1/ 9 6 1 2 : 0 1 3 5 2 4 7 4 8
5 0 7 / 1 / 9 6 1 2 : 5 3 3 5 2 4 7 5 2
5 0 7 / 1/ 9 6 13 :4 4 3 5 2 4 7 5 5
5 0 7 / 1 / 9 6 14 : 3 6 3 5 2 4 7 5 9
5 0 7 / 1/ 9 6 15 :2 7 3 5 2 4 7 6 3
5 0 7 / 1/ 9 6 16 : 1 9 3 5 2 4 7 6 6
5 0 7 / 1/ 9 6 17 : 1 0 3 5 2 4 7 7
5 0 7 / 1/ 9 6 18 : 0 2 3 5 2 4 7 7 3
5 0 7 / 1 / 9 6 18 : 5 3 3 5 2 4 7 7 7
5 0 7 / 1/ 9 6 19 :4 5 3 5 2 4 7 8 1
5 0 7 / 1/ 9 6 2 0 : 3 6 3 5 2 4 7 84
5 0 7 / 1/ 96 2 1 :2 8 3 5 2 4 7 8 8
5 0 7 / 1/ 9 6 2 2 : 1 9 3 5 2 4 7 9 1
E L A P S E D RA D O N
T IM E C O N G
(d a y) (p C i / L )
2 3 7 6 9 1 3
2 4 1 18 0 6
2 4 4 7 9 17
2 4 8 2 6 3 9
2 5 18 05 6
2 5 4 1 6 6 7
2 5 7 7 0 8 3
2 6 1 3 1 9 4
2 6 4 7 9 17
2 6 8 4 0 2 8
2 7 0 6 2 5
2 7 4 16 6 7
2 7 7 7 77 8
2 8 1 2 5
2 8 48 6 1 1
2 8 7 0 8 3 3
2 9 0 6 2 5
2 9 4 2 3 6 1
2 9 7 7 0 8 3
3 0 12 5
3 0 2 8 4 7 2
3 0 6 3 8 8 9
3 1
3 13 4 7 2 2
3 17 0 8 3 3
3 18 6 1 1 1
3 2 2 2 2 2 2
3 2 5 7 6 3 9
3 2 9 3 0 5 6
3 3 2 8 4 72
3 3 2 3 6 1 1
3 3 5 9 0 2 8
3 3 9 5 13 9
3 4 2 9 8 6 1
3 4 6 5 2 7 8
3 4 6 0 4 17
3 4 9 5 8 3 3
3 5 3 19 4 4
3 5 6 6 6 6 7
3 6 0 2 7 7 8
3 5 9 7 2 2 2
3 6 3 3 3 3 3
3 6 6 8 7 5
3 7 0 4 16 7
3 7 3 9 5 8 3
3 7 3 4 7 2 2
3 7 7 0 8 3 3
3 8 0 6 2 5
3 8 4 1 6 6 7
3 8 7 7 0 8 3
3 8 7 2 2 2 2
3 90 7 6 3 9
3 9 4 3 7 5
3 9 7 8 4 7 2
4 0 14 5 8 3
4 0 0 9 0 2 8
4 0 4 5 13 9
4 0 8 0 5 5 6
4 1 1 5 9 7 2
4 1 5 1 3 8 9
2 3 7 1 2 0 1
2 1 3 2 10 7
2 1 2 0 3 7 9
2 0 1 7 8 2 1
1 8 7 7 9 48
2 2 3 8 6 4 8
2 2 6 8 0 5 6
2 0 7 5 4 2 9
2 0 9 6 6 9 3
2 1 2 0 5 32
1 9 6 0 4 48
1 8 3 3 3 8 1
1 8 2 2 7 06
1 9 9 2 0 56
1 9 19 2 5 1
2 0 5 2 54
1 9 2 4 5 55
1 9 6 8 4 4 1
1 9 6 0 1 05
2 0 6 2 7 0 3
19 5 4 5 5
1 9 7 5 5 2 6
1 7 7 6 2 3 3
1 9 6 5 6 4 8
1 8 0 3 8 7 7
1 9 3 8 7 5 9
1 9 8 1 1 3 6
1 8 3 8 4 9 4
1 9 2 8 4 0 8
1 9 0 2 8 39
1 8 8 1 7 1
1 7 5 9 6 7 2
1 8 2 4 2 5 8
1 8 2 5 4 0 1
1 9 0 1 16 4
1 8 9 2 7 0 4
1 7 6 9 5 56
1 9 0 0 8 2 4
1 8 2 3 0 8 7
1 8 2 7 9 0 4
1 7 5 2 16 8
1 6 4 9 8 8 3
1 6 7 5 6 0 4
1 6 0 6 8 6 3
1 7 5 8 19 4
1 7 3 9 3 45
1 7 2 9 1 86
1 7 3 2 3 12
1 8 3 8 5 6 6
1 8 7 6 3 8 3
1 7 1 0 3 7 2
1 76 9 7 5 8
1 8 7 2 6 5 4
1 7 1 3 13 2
1 7 3 7 4 6 1
1 6 5 1 9 6 3
1 7 0 0 4 8 8
1 7 4 8 0 17
1 6 4 3 9 9 9
1 6 8 9 7 4 9
7 9
T a b l e A 8 : S p e c i a l T e s t # 3
- R a w D a t a
S A M P L E PR E -
D E S IG N A W E IG H T
(g m )
B A C K
BA C K
B A C K
B A C K
R A D O N S T D
1 2 5 4 7
2 2 5 4 7
3 2 5 6 4
4 2 5 5 9
5 2 5 5 5
6 2 5 4 2
7 2 5 6
8 2 5 4 6
9 2 5 5 6
1 0 2 5 5 4
1 1 2 5 6 8
12 2 5 7 6
13 2 5 3 1
14 2 5 6 3
15 2 5 62
16 2 5 6 2
1 7 2 5 5 9
1 8 2 5 5 2
19 2 5 5 8
2 0 2 5 5 3
2 1 2 5 4 8
2 2 25 5 1
2 3 2 5 3 4
2 4 2 5 5 4
2 5 2 5 5 1
2 6 2 5 5 5
2 7 2 5 6 2
2 8 25 4
29 2 5 6
3 0 2 5 53
3 1 2 5 6 4
3 2 2 5 5 2
3 3 2 5 6 8
3 4 2 5 5 9
3 5 2 5 57
3 6 2 5 4 7
3 7 2 5 5 5
3 8 2 5 4 7
3 9 25 4 7
4 0 2 5 4 7
4 1 25 57
4 2 2 5 38
43 2 5 4 1
4 4 2 5 5 9
4 5 2 5 4 8
PO S T - S A M P L E
W E IG H T W E IG H T
(g m ) ( g m )








C O U N T
T IM E T IM E
(m in )
3 3 0 4 5 0
3 1 7 4 5 0
3 2 2 4 5 0
3 3 2 6 5 0
7 3 3 8 6 9 1 3 7
3 5 6 10 1 3 7/ 1 2 y9 6 10 ; 15 1 6 7 2 4 13 4 6 7 5 0
3 5 5 7 10 1 7 / 1 2 /9 6 10 :1 5 1 5 8 88 126 3 1 50
3 7 26 1 1 6 2 7/ 1 2 ^ 6 10 : 1 6 1 7 8 5 8 14 6 0 1 5 0
3 5 7 6 10 1 7 7 / 1 2 /9 6 10 :1 6 1 6 0 2 8 12 7 7 1 5 0
3 5 7 3 10 1 8 7/ 1 2 /9 6 10 : 1 7 1 5 8 5 2 12 5 9 5 5 0
3 5 6 3 1 0 2 1 7 / 1 2 /9 6 10 : 1 9 1 5 1 5 4 1 18 9 7 5 0
3 5 77 1 0 1 7 7 / 1 2 /9 6 10 : 2 1 1 5 5 9 8 1 2 3 4 1 5 0
3 5 9 6 10 5 7 / 1 2 /9 6 10 : 2 3 1 5 9 3 6 1 2 6 7 9 5 0
3 5 3 9 7 4 7 / 1 2 /9 6 10 : 2 5 1 4 9 1 2 1 16 5 5 5 0
3 5 7 1 0 1 6 7 / 1 2 /9 6 10 : 2 7 1 4 5 6 8 1 1 3 1 1 5 0
3 5 5 9 8 2 7/ 1 2 /9 6 10 :2 9 1 3 9 6 6 10 7 0 9 50
3 5 8 8 1 0 1 2 7 / 1 2 /9 6 10 : 3 1 1 4 4 0 2 1 1 1 4 5 5 0
3 5 1 5 9 8 4 7 / 1 2 / 96 10 :3 3 1 35 6 10 3 0 3 5 0
3 5 6 5 1 0 0 2 7 / 1 2 /9 6 10 :3 5 1 4 5 1 12 4 3 5 0
3 5 75 10 1 3 7 / 1 2 / 9 6 10 :3 7 1 5 1 4 1 18 83 5 0
3 5 3 9 9 7 7 7 / 1 2 /9 6 10 :5 5 1 4 5 7 8 1 13 2 1 5 0
3 5 5 2 9 9 3 7/ 1 2 /9 6 10 : 55 1 4 3 1 8 1 10 6 1 5 0
3 6 8 1 1 2 8 7 / 1 2 ® 6 10 : 5 6 1 5 7 3 4 1 2 4 77 5 0
3 6 85 1 1 2 7 7 / 1 2 /9 6 10 : 5 6 1 5 5 7 4 1 2 3 1 7 5 0
3 5 6 1 1 0 0 8 7 / 1 2 /9 6 10 : 5 7 1 4 1 7 8 1 0 9 21 5 0
35 21 9 7 3 7 / 1 2« 6 10 : 59 1 4 7 6 8 1 15 1 1 50
3 5 6 3 1 0 1 2 7 / 1 2 /9 6 1 1 : 0 1 1 3 9 9 2 1 0 7 3 5 5 0
3 4 9 4 9 6 7 / 1 2 /9 6 1 1 :0 3 1 3 2 9 9 4 3 5 0
3 6 5 1 1 0 9 7 7 / 1 2/9 6 1 1 :0 5 1 4 5 8 8 1 1 3 3 1 5 0
3 5 8 4 1 0 3 3 7 / 1 2 ^ 6 1 1 :0 7 1 3 8 2 2 1 0 5 6 5 50
3 5 69 1 0 1 4 7 / 1 2/ 9 6 1 1 :0 9 1 2 8 9 5 4 3 5 0
3 4 9 9 2 8 7 / 1 2/ 9 6 1 1 : 1 1 1 2 1 6 8 9 0 3 5 0
3 5 36 9 9 6 7 / 12/ 9 6 1 1 : 1 3 1 2 9 3 2 9 6 7 5 5 0
3 5 32 9 7 2 7 / 12 ^ 6 1 1 : 1 5 1 2 3 2 8 90 7 1 5 0
35 1 1 9 58 7 / 12 /9 6 1 1 : 1 7 1 2 1 8 6 89 29 50
3 6 15 1 0 5 1 7/ 1 2^ 6 1 1 :5 5 1 3 3 5 4 10 0 9 7 5 0
3 5 5 7 1 0 0 5 7 / 12 / 9 6 1 1 :5 5 13 1 9 6 9 9 3 9 5 0
3 6 4 1 0 7 2 7 / 1 2/9 6 1 1 :5 6 1 4 5 62 1 13 0 5 50
3 5 0 2 9 4 3 7 / 12 / 9 6 1 1 :5 6 1 1 7 6 8 5 0 3 5 0
3 6 5 1 0 93 7 / 12 « 6 1 1 :5 7 13 5 7 6 10 3 1 9 5 0
3 4 7 5 9 2 8 7 / 12 /9 6 1 1 :5 9 1 2 0 3 8 7 7 3 5 0
3 5 6 2 1 0 0 7 7 / 12 / 9 6 1 2 :0 1 1 2 8 8 8 9 6 3 1 5 0
3 8 1 1 1 2 6 4 7 / 12 / 9 6 1 2 :0 3 1 5 9 6 1 2 7 0 3 5 0
36 1 0 5 3 7/ 1 2/ 9 6 1 2 :0 5 1 2 3 7 2 9 1 1 5 50
3 6 4 1 10 9 4 7 / 12 / 9 6 1 2 :0 7 1 3 1 7 9 9 1 3 5 0
3 6 32 1 0 7 5 7 / 12 / 9 6 1 2 :0 9 1 3 3 9 10 1 3 3 5 0
34 96 9 56 7 / 12 / 96 1 2 : 1 1 1 21 4 2 8 8 8 5 50
3 5 99 1 0 5 8 7 / 12 )9 6 1 2 : 1 3 127 12 94 5 5 50
3 7 18 1 1 5 9 7 / 12 /9 6 1 2 : 1 5 1 4 1 4 2 10 6 8 5 5 0
3 6 12 1 0 6 4 7 / 12 /9 6 1 2 : 1 7 13 5 7 4 10 3 1 7 5 0
F IN IS H E D M ID
C O U N T C O U N T
T IM E T IM E
7 / 12 /9 6 2 3 : 2 9
7 / 1 3 /9 6 0 : 2 1
7 / 1 3 /9 6 1 : 1 2
7 / 1 3 /9 6 2 :0 3
7 / 13 /9 6 2 :0 5
7 / 14 ^ 6 1 6 :5 4 3 5 26 0 6 9
7/ 14 /9 6 1 7 : 4 6 3 5 26 0 7 2
7/ 1 4 /9 6 1 8 : 3 7 3 5 2 6 0 7 6
7/ 1 4 /9 6 1 9 : 2 8 3 5 2 6 0 7 9
7/ 14 /9 6 2 0 : 2 0 3 5 2 6 0 8 3
7 / 1 4 / 9 6 2 1 : 1 1 3 5 2 6 0 8 7
7/ 1 4 /9 6 2 2 :0 3 3 5 2 6 0 9
7 / 1 4 / 9 6 2 2 :5 4 3 5 2 6 0 9 4
7/ 1 4 / 9 6 2 3 : 46 3 5 26 0 9 7
7 /1 5 /9 6 0 :3 7 3 5 2 6 1 0 1
7 / 1 5 /9 6 1 : 2 9 3 5 2 6 1 0 4
7 / 15 /9 6 2 : 2 0 3 5 2 6 1 0 8
7 / 1 5 /9 6 3 : 1 2 3 5 2 6 1 12
7 / 15 /9 6 4 :0 3 3 5 26 1 1 5
7 / 1 5 /9 6 4 : 54 35 26 1 1 9
7 / 15 /9 6 5 : 4 6 3 5 26 1 2 2
7/ 15 « 6 6 :3 7 3 5 26 1 26
7 /1 5 « 6 7 :2 9 3 5 26 1 2 9
7/ 15 « 6 8 : 2 0 3 5 26 1 3 3
7 /1 5 ® 6 9 : 1 1 3 5 26 1 3 7
7/ 1 5 /9 6 1 0 :0 3 3 52 6 1 4
7 / 1 5 / 9 6 1 0 :5 4 3 5 26 1 4 4
7 / 1 5 /9 6 1 1 :4 6 3 5 26 1 4 7
7 / 1 5 /9 6 1 2 :3 7 3 5 26 1 5 1
7 / 1 5 /9 6 1 3 :2 9 3 5 26 1 54
7 / 1 5 /9 6 1 4 :2 0 3 5 2 6 1 5 8
7 / 1 5 /9 6 1 5 : 1 2 3 5 26 1 6 2
7 / 15 /9 6 1 6 :0 3 3 5 26 1 6 5
7/ 1 5/9 6 1 6 :5 5 3 5 26 1 6 9
7/ 15 /9 6 1 7 :4 6 3 5 26 1 7 2
7/ 1 5S 6 1 8 :3 8 3 5 26 1 7 6
7 / 1 5 / 9 6 19 :2 9 3 5 26 1 7 9
7 / 15 « 6 2 0 : 20 3 5 26 1 8 3
7 / 1 5 / 9 6 2 1 : 1 2 3 5 2 6 1 8 7
7 / 1 5« 6 2 2 :0 3 3 5 2 6 1 9
7 / 15 / 9 6 2 2 : 5 5 3 5 2 6 1 9 4
7 / 1 5 /9 6 2 3 :4 6 3 5 2 6 1 9 7
7 /1 6 /9 6 0 :3 8 3 5 2 6 2 0 1
7/ 1 6 /9 6 1 : 29 3 5 26 2 0 4
7/ 1 6 /9 6 2 : 2 0 3 5 26 2 0 8
7 /1 6 « 6 3 : 1 2 3 5 2 6 2 1 2
7 /1 6 /9 6 4 : 0 3 3 5 262 1 5
7/16 « 6 4 :5 5 35 262 1 9
7 /1 6 /9 6 5 :4 6 3 5 2 6 2 2 2
7/ 1 6 /9 6 6 : 3 8 3 5 2 6 2 2 6
E LA P S E D R A D O N
T IM E C O N C
(d a y) (p C i/ L )
2 2 5 9 7 2 2
2 2 9 5 8 3 3
2 3 3 0 5 5 6
2 3 6 5 9 7 2
2 4 0 13 8 9
2 4 3 5 4 1 7
2 4 7 0 1 3 9
2 5 0 4 1 6 7
2 5 3 8 8 8 9
2 5 7 2 9 1 7
2 6 0 7 6 3 9
2 6 4 16 6 7
2 6 7 6 3 8 9
2 7 10 4 1 7
2 7 4 4 4 4 4
2 76 8 0 5 6
2 8 0 3 4 7 2
2 8 3 8 8 8 9
2 8 7 4 3 0 6
2 9 0 9 0 2 8
2 9 4 3 7 5
2 9 7 7 7 7 8
3 0 1 2 5
3 0 4 6 5 2 8
3 0 8 1 2 5
3 1 1 5 2 7 8
3 1 5
3 1 8 4 0 2 8
3 2 18 7 5
3 2 5 2 7 78
3 2 6 2 5
3 2 9 7 9 1 7
3 3 3 2 6 3 9
3 3 6 8 7 5
3 4 0 3 4 7 2
3 4 3 8 19 4
3 4 7 2 2 2 2
3 5 0 6 9 4 4
3 5 4 0 9 7 2
3 5 7 5
3 6 0 9 7 2 2
3 64 3 7 5
3 6 784 72
3 7 1 2 5
3 7 4 72 22
19 4 8 8 4 7
18 4 5 34 6
18 6 5 8 3 6
18 7 6 6 8 5
16 6 0 9 2 2
1 7 6 3 4 7 9
18 4 8 0 9 3
18 5 0 4 2 3
18 4 5 2 8 8
1 7 2 7 4 2 5
1 7 0 2 8 0 5
1 7 3 0 2 4 7
1 6 5 5 4 3 7
1 7 8 5 0 0 6
18 7 7 685
18 6 2 7 5 8
18 0 2 1 9 5
18 0 1 1 4 3
1 7 9 1 0 9 4
1 786 7 9 6
19 6 3 4 0 1
1 7 7 1 3 7 8
1 7 4 0 4 9
17 4 6 4 9 7
1 7 4 0 2 4 8
1 6 1 1 2 7 6
16 5 2 9 0 1
16 8 3 9 5 7
1 6 2 8 0 3 6
1 6 3 6 0 3 8
16 8 9 3 19
1 7 5 0 2 0 5
18 7 8 1 2 2
1 6 1 6 4 18
17 0 3 1 2 4
1 7 1 6 1 8 7
17 4 6 9 7 8
18 4 7 3 1 2
16 0 0 9 9 6
16 8 6 2 8 4
17 6 5 2 5 8
1 7 4 7 5 3 8
16 94 6 15
1 7 9 1 9 3
1 8 6 1 7 6
8 0
T a b le A 8 : S p e c i a l T e s t # 3
- R a w D a t a (c o n t i n u e d )
S A M P L E














































P R E -
W E IG H T
(gm )
2 5 5
2 5 3 7
2 5 6 5
2 5 19
2 5 5 9
2 5 6
2 5 6 3
25 4 1
2 5 4 5
2 5 5 9
2 5 5 8
25 5
2 5 6 2
2 5 4 7
2 5 5 3
2 5 5 2
2 5 4 4
2 5 5 6
2 5 4 4
25 6 1
2 5 4 2
25 5 5
2 5 5 8
2 5 5 4
2 5 6 1
25 2 6
2 5 4 8
2 5 5 2
2 5 48
2 5 6
2 5 5 6
2 5 4 3
2 5 5 5
2 5 4 5
2 5 3 4
2 5 3
25 2
2 5 4 3
2 5 3 7
2 5 4 2
2 5 4 6
2 5 5 6
2 5 1 8
2 5 2 8
2 5 2 7
P O S T -
W E IG H T
(g m )
3 5 8
3 4 9 2
3 5 2 4
3 5 7 7
3 6 2 2
3 5 3 9
3 5 5 9
3 4 7 8
3 6 18
3 6 1 2
3 5 1 1
3 6 5 6
3 4 9 9
3 5 5 2
3 5 7 8
3 6 4 4
3 5 4 2
3 4 9 6
3 5 3 5
35 99
3 5 4 2
3 5 94
3 4 9 6
3 5 9 6
3 4 9 8
3 5 92
3 5 4 8
35 9 5
3 5 0 5
3 6 3 1
35 5 1
3 5 55
3 5 3 9
36 3 3
3 4 2 8
3 5 6 5
3 6 2 9
3 4 5 9
3 4 5 8
3 4 4 2
3 5 1 7
3 4 5 9
3 4 7 1
3 4 5 2
3 5 3
S A M P L E





















1 0 3 8
10
1 0 3 9
9 3 8




1 0 4 3
9 5 7
1 0 7 1
9 9 5




1 0 3 5








1 0 0 3
S A M P L E
T IM E
7 /1 2 /9 6
7 /1 2 / 9 6
7 /1 2 /9 6
7 /1 2 /9 6
7 /1 2 /9 6
7 n 2 J9 6
7 /1 2 /9 6
7 /1 2 / 9 6
7 / 1 2 / 9 6
7 /1 2 / 9 6
7 /1 2 / 9 6
7/1 2 / 96
7 /1 2 /9 6
7 / 1 2 / 9 6
7 / 1 2 S 6
7 / 1 2 / 9 6
7 / 1 2 /9 6
7 / 1 2 / 9 6
7 / 1 2 /9 6
7/ 12/9 6
7 / 1 2 /9 6
7 / 1 2 /9 6
7 / 1 2 /9 6
7 / 1 2 /9 6
7/ 1 2 / 9 6
7 / 12 /9 6
7 / 1 2 /9 6
7 / 1 2 /9 6
7 / 1 2 /9 6
7 / 1 2 /9 6
7 / 1 2 /9 6
7 / 1 2 /9 6
7 / 1 2 /9 6
7 / 1 2 « 6
7 / 1 2 /9 6
7 / 1 2 / 9 6
7 / 1 2 /9 6
7/ 1 2 )9 6
7 / 1 2 /9 6
7 / 1 2/ 96
7 / 1 2 / 9 6
7 /1 2 / 9 6
7 / 1 2 « 6
7 /1 2 /9 6
7 /1 2 /9 6
C P M " B
" N E T " B
"
1 4 :0 2
1 4 :0 4
1 4 :0 6
1 4 :0 8
1 4 : 10
1 4 : 1 2
1 4 : 1 4
1 4 : 1 6
1 4 : 18
1 4 :2 0
1 4 :2 2
14 : 22
1 4 :2 3
1 4 :2 3
1 4 : 2 4
1 6 : 0 2
1 6 : 0 4
1 6 :0 6
16 : 0 8
1 6 : 10
1 6 : 12
16 : 14
1 6 : 16
1 6 : 18
1 6 : 2 0
16 : 2 2
1 6 : 2 2
1 6 : 2 3
16 : 2 3
1 6 : 2 4
18 : 0 2
18 : 0 4
18 0 6






18 : 2 0
18 : 2 2
1 8 :2 2
18 : 2 3
1 8 :2 3
1 8 :2 4
2 1 2 3 4
2 0 0 6 8
19 5 1
2 2 2 12
2 1 6 5 6
2 1 1 7 2
2 0 8 7
18 6 9
2 1 0 9 2
2 1 0 3 7
19 3 2 6
21 6 85
1 8 5 1 6
1 9 1 4
2 0 4 5
2 1 7 5 5
18 6 9 6
18 7 6 2
20 0 1
2 1 0 8 1
19 6 0 6
19 8 3 6
18 4 8 8
19 7 0 2
18 2 0 2
19 8 8 8
1 8 5 9
19 3 8 8
18 0 9
19 6 1 2
19 1 0 2
18 6 1 4
18 4 2 4
2 0 6 3 3
16 9 7 2
19 1 9 4
2 0 8 1 6
16 4 7 4
16 7 9 8
1 6 7 6
1 7 3 1 6
1 6 0 5 8
16 7 7 6
1 6 1 2 4
1 7 0 4 6
1 7 9 7 7
16 8 1 1
1 6 2 5 3
18 9 5 5
1 8 3 9 9
1 7 9 15
1 7 6 13
15 4 3 3
1 78 3 5
1 7 7 8
1 6 0 69
18 4 26
1 5 2 5 9
1 58 83
1 7 1 9 3
1 8 4 98
1 54 39
1 5 5 05
1 6 7 53
178 24
1 6 3 4 9
1 65 79
1 5 2 3 1
1 6 4 4 5
1 4 9 4 5
1 66 3 1
1 5 3 33
1 6 1 3 1
1 4 8 33
1 6 3 55
1 5 8 4 5
1 5 3 5 7
1 5 1 6 7
1 7 3 76
1 3 7 1 5
1 59 3 7
1 7 5 59
1 3 2 1 7
1 3 5 4 1
1 35 03
1 4 0 59
1 2 8 0 1
1 3 5 19
1 2 8 6 7
1 3 7 8 9






4 5 0 2
4 6 2
4 7 2 5
4 7 9 2
5 0
4 7 4 2
4 7 5 4
5 0




4 5 9 9
5 0
50
4 9 9 9














4 8 4 8
5 0
5 0









F I N IS H E D
C O U N T
T IM E
7/ 1 3 / 9 6 2 : 5 4
7 / 13 / 9 6 3 : 4 5
7/ 1 3 / 9 6 4 : 3 6
7/ 13 / 9 6 5 : 2 3
7/ 1 3 / 9 6 6 : 1 0
7 /1 3 /9 6 6 : 5 9
7/ 1 3 / 9 6 7 : 4 9
7 / 13 /9 6 8 : 4 0
7/ 1 3 / 9 6 9 2 9
7 / 1 3 « 6 10 : 1 8
7 / 1 3 / 9 6 1 1 : 0 9
7 / 13/9 6 1 1 : 57
7 / 1 3 / 9 6 12 : 4 8
7 / 1 3« 6 13 : 4 0
7 / 1 3 S 6 14 : 3 0
7 / 13 /9 6 15 : 1 7
7 / 13 /96 1 6 :0 9
7 / 1 3 /9 6 17 :0 0
7 /1 3 ^ 6 1 7 :5 2
7 / 13 /9 6 1 8 : 4 1
7 /1 3 /9 6 1 9 :3 2
7 / 1 3 /9 6 20 : 23
7 / 13 « 6 2 1 : 1 5
7 / 13 /9 6 2 2 :0 6
7 /1 3 /9 6 2 2 :5 8
7 / 13 /96 23 : 49
7 / 1 4 / 96 0 : 4 1
7 / 1 4 /9 6 1 : 3 2
7 / 1 4 /9 6 2 : 2 3
7 / 1 4 / 96 3 : 1 5
7 / 1 4 / 96 4 :0 6
7 / 1 4 / 9 6 4 :5 7
7 / 1 4 «96 5 :4 9
7 / 1 4 / 96 6 : 3 9
7 / 1 4 / 96 7 :3 0
7 / 1 4 / 9 6 8 : 2 2
7 / 1 4 /9 6 9 : 1 1
7 / 1 4 / 96 1 0 :0 3
7 / 1 4^ 6 1 0 :5 4
7 / 1 4 / 96 1 1 : 4 5
7 / 1 4 /9 6 12 : 37
7 / 1 4 /9 6 13 : 2 8
7 / 1 4 / 96 14 : 2 0
7 / 1 4 /9 6 15 : 1 1
7 / 1 4 / 9 6 16 : 0 2
M ID




3 5 2 5 9 1 7
3 5 2 5 9 2 1
3 5 2 5 9 2 4
3 5 2 5 9 2 7
3 5 2 5 9 3 1
3 5 2 5 9 3 4
3 5 2 5 9 3 8
3 5 2 5 9 4 1
3 5 2 5 9 4 5
3 52 5 9 4 8
3 5 2 5 9 5 2
3 5 2 5 9 5 5
3 5 2 5 9 5 9
35 259 6 2
35 2 59 66
25 2S9 6B
3 5 2 5 9 7 3
35 2 59 76
3 5 2 5 9 8
35 259 8 3
3 5 2 5 9 8 7
3 5 2 5 9 9
3 5 2 5 9 9 4
35 259 98
3 5 2 6 0 0 1
3 5 2 6 0 0 5
3 5 2 6 0 0 8
3 5 2 6 0 1 2
3 5 2 6 0 1 5
3 5 2 6 0 1 9
3 5 2 6 0 2 3
3 5 2 6 0 2 6
3 5 2 6 0 3
3 5 2 6 0 3 3
3 5 2 6 0 3 7
3 5 2 6 0 4
3 5 2 6 0 4 4
3 5 2 6 0 4 7
3 5 2 6 0 5 1
3 5 2 6 0 5 4
3 5 2 6 0 5 6
3 5 2 6 0 6 2
3 5 2 6 0 6 5
E LA P S E D
T IM E
( d a y )
0 5 19 7 5 7
0 5 5 2 8 3 7
0 5 8 6 8 0 6
0 6 1 9 78 5
0 6 5 0 6 2 5
0 6 8 2 8 9 9
0 7 1 6
0 7 49 3 0 6
0 78 2 8 4
0 8 1 5 4 3 8
0 84 8 6 1 1
0 8 8 3 29 2
0 9 1 6 6 6 7
0 95 2 7 78
0 9 8 7 18 8
0 9 5 27 8 1
0 98 6 1 1 1
1 0 2 0 13 9
1 0 54 8 6 5
1 08 8 3 89
1 1 2 1 5 2 8
1 15 5 5 5 6
1 19 0 2 7 8
1 2 2 43 0 6
1 2 5 9 0 2 8
1 2 9 3 05 6
1 3 2 9 16 7
1 36 3 8 8 9
1 3 9 9 3 0 6
1 4 3 4 7 2 2
1 4 0 2 0 8 3
1 4 3 6 1 1 1
1 4 70 8 3 3
1 5 0 4 6 9 4
1 5 3 8 19 4
1 5 7 2 9 1 7
1 606 2 3 6
1 6 4 0 2 78
1 6 7 4 3 0 6
1 7 0 8 3 3 3
1 74 3 05 6
1 7 7 8 4 7 2
1 6 13 8 8 9
1 8 4 9 3 0 6
1 8 8 4 0 2 8
R A D O N
C O N C
( p C i/ L )
1 8 6 5 9 9 2
1 8 9 3 3 2 9
1 8 3 4 1 1 8
1 9 5 0 5 1 2
1 8 9 4 9 6 6
2 0 1 5 19 6
1 9 5 9 13 8
1 8 3 5 8 0 2
1 8 6 3 9 3 4
19 0 4 7 1
1 9 13 5 2 9
1 9 0 2 8 0 6
1 8 7 1 0 5 9
1 8 2 7 73 2
1 9 5 2 0 2 3
1 9 5 9 0 6 4
1 7 99 9 5 2
1 9 3 1 0 6 6
19 9 1 6 28
2 0 3 5 34 6
1 9 4 9 5 4 2
1 9 1 4 5 4 3
1 9 6 0 5 7 6
1 9 1 7 3 6 6
19 4 9 9 8 3
1 9 19 18 4
1 8 9 8 5 7 5
19 27 1 4
19 4 3 7 K
1 9 2 7 4 2 8
1 99 8 0 8 8
19 1 5 8 1
1 9 5 8 2 4 4
2 0 4 1 5 0 7
1 9 7 3 0 0 2
1 9 9 2 8 3 4
20 6 1 5 7 1
1 8 9 0 3 8 2
1 9 3 8 13 6
19 9 0 0 4
1 9 3 2 6 1 3
1 9 0 4 3 9 1
1 9 1 7 9 7 1
1 8 9 4 8 9 9
1 8 8 2 5 5 8
81
T a b le A 9 : S p e c ia l T e s t # 4
- R a w D a t a
P O S T - SA M P L E
W E IG H T W E IG H T
(g m ) (g m )
S A M P L E P R E -
D E S IG N A W E IG H T
BA C K
B A C K
BA C K
BA C K
R A D O N S T D
1 - 1 E P A 1 6 6 3 2 6 5 3 9 9
16 7 7 2 7 3 3 1 0 5 6
16 5 2 2 7 2 3 1 0 7 1
1 6 6 2 2 7 9 3 1 1 3 1
16 8 1 2 7 8 6 1 1 0 5
2 - 1 E P A 1 6 8 9 2 6 8 6 9 9 7
1 6 7 9 2 7 0 1 1 0 2 2
1 6 8 2 7 1 8 1 0 3 8
16 6 5 2 7 2 1 1 0 5 6
16 9 6 2 6 9 2 9 9 6
3 - 1 E P A 1 6 5 4 2 7 2 4 1 0 7
1 6 8 7 2 6 8 2 9 9 5
1 6 7 1 2 7 2 1 0 4 9
1 6 7 2 2 6 9 6 1 0 2 4
16 9 2 7 1 6 1 0 2 6
4 - 1 E P A 1 6 5 6 26 7 7 1 0 2 1
1 6 6 8 2 6 7 7 1 0 0 9
1 6 5 7 2 7 0 6 1 0 4 9
1 6 6 4 2 6 9 4 1 0 3
1 6 6 4 2 7 1 0 3 6
1 - 1 U N C 2 5 3 2 3 5 5 7 10 2 5
2 5 3 1 34 5 9 19
2 5 4 2 3 7 9 1 2 4 8
2 5 2 2 35 77 1 0 55
25 5 6 3 4 7 1 9 15
2 - 1 U N C 2 5 3 3 5 9 7
25 5 1 35 2 1 9 7
25 3 5 3 6 4 1 1 1 0 6
2 5 5 4 3 6 8 5 1 1 3 1
2 5 5 3 6 2 9 1 0 7 9
3 - 1 U N C 2 5 6 6 3 5 3 9 9 73
2 5 3 9 3 6 3 5 10 9 6
2 5 2 5 3 5 0 6 9 8 1
2 5 46 3 5 2 9 7 4
2 5 3 3 3 5 8 6 10 5 3
4 - 1 U N C 2 5 5 4 3 5 1 9 9 6 5
2 5 5 6 3 6 3 8 10 8 2
2 5 43 3 6 26 1 0 8 3
25 46 3 5 9 4 1 0 4 8
2 5 2 1 3 5 5 1 1 0 3
F IN IS H E D







" C O U NT C O U N T
T IM E T IM E T IM E
(m in )
3 1 9 4 5 0 7 /1 8 /9 6 1 8 :2 4
3 0 6 8 5 0 7 / 18 /9 6 1 9 : 1 5
3 1 2 5 0 7/ 1 8 /9 6 2 0 : 0 6
3 1 3 8 5 0 7/ 1 8 /9 6 20 : 5 7
7 16 9 2 9 1 4 7/ 1 8 / 9 6 2 1 : 0 0
7 /1 8 / 9 6 1 5 :0 3 2 4 6 5 5 2 1 5 2 5 4 0 56 7/ 1 9 / 9 6 1 3 :4 0
7/ 1 8 /9 6 15 :0 3 2 5 8 3 4 2 2 7 0 4 3 8 7 2 7/ 1 9 /9 6 1 4 : 2 0
7/ 1 8 / 9 6 15 :0 3 2 6 4 0 7 2 3 2 7 7 3 7 8 8 7/ 1 9 /9 6 1 4 : 5 9
7 / 18 /9 6 1 5 :0 3 2 7 9 7 3 2 4 8 4 3 3 5 7 6 7 / 19 /9 6 1 5 :3 6
7/ 1 8 / 9 6 1 5 :0 3 2 7 8 7 1 2 4 7 4 1 3 5 8 8 7/ 1 9 / 9 6 1 6 : 13
7 / 18 / 9 6 1 5 : 1 7 2 3 2 0 6 20 0 7 6 43 1 7 / 19 / 9 6 1 6 :5 7
7/ 1 8 /9 6 1 5 : 1 7 2 2 3 6 9 19 2 3 9 4 4 7 1 7/ 1 9 / 9 6 1 7 :4 3
7 / 18 / 9 6 1 5 : 1 7 2 2 7 Ce 19 5 7 9 4 4 0 4 7 / 1 9 /9 6 1 8 : 2 8
7/ 1 8 / 9 6 15 : 1 7 2 2 2 0 2 19 0 7 2 4 5 0 4 7/ 1 9 /9 6 1 9 : 15
7/ 1 8 / 9 6 15 : 1 7 2 2 7 8 7 19 6 5 7 4 3 8 9 7/ 1 9 /9 6 2 0 : 0 0
7 / 1 8 / 96 15 : 3 4 2 2 0 1 2 1 8 8 8 2 4 5 4 3 7 / 19 /9 6 2 0 : 4 7
7 / 1 8 / 9 6 15 : 3 4 2 13 2 7 18 1 9 7 4 6 8 9 7 / 1 9 /9 6 2 1 : 35
7 / 1 8 /9 6 15 : 3 4 2 12 2 7 180 9 7 47 1 2 7/ 19 /9 6 22 : 23
7/ 1 8 /9 6 15 : 34 20 9 2 9 1 7 7 9 9 47 78 7/ 1 9 /9 6 23 : 12
7 / 1 8 / 96 15 : 3 4 20 9 0 3 1 7 7 7 3 4 7 8 4 7/ 2 0 / 9 6 0 : 0 2
7/ 1 8 / 9 6 15 : 4 7 2 15 6 1 18 4 3 1 46 38 7/20 /9 6 0 : 4 9
7 / 1 8 /9 6 15 : 4 7 2 1 1 2 1 1 79 9 1 4 7 3 5 7 /2 0 / 9 6 1 : 3 8
7 / 1 8 / 96 15 : 4 7 2 1 2 4 7 18 1 1 7 4 7 0 7 7/2 0 / 9 6 2 : 2 6
7 / 1 8 /9 6 15 : 4 7 2 1 1 5 5 18 0 2 5 4 7 2 7 7 /2 0 / 9 6 3 : 15
7 / 1 8 / 96 15 : 4 7 2 0 9 9 9 1 7 8 6 9 4 7 6 5 7 /2 0 / 9 6 4 : 0 4
7 / 18 /9 6 15 :0 0 2 8 6 2 1 25 4 9 1 34 9 5 7 / 18 /9 6 2 1 : 36
7 / 1 8 / 96 15 :0 0 2 7 4 0 3 2 4 2 7 3 3 6 5 7 / 18 /9 6 2 2 : 1 3
7 / 18 /9 6 15 :0 0 3 4 9 6 5 3 18 3 5 2 8 6 7 / 18 /9 6 2 2 : 4 3
7 / 18 /9 6 15 : 0 1 300 3 9 2 6 9 0 9 33 2 9 7/ 18 /9 6 2 3 : 18
7/ 18 /96 15 :0 1 26 4 3 4 2 3 3 0 4 37 8 3 7 / 18 /96 23 : 58
7 / 1 8 / 96 15 : 1 8 3 0 2 7 9 2 7 1 4 9 33 0 3 7 /1 9 /9 6 0 : 33
7 / 18 /96 15 : 1 8 2 7 2 5 8 2 4 1 2 8 36 6 9 7 /1 9 / 9 6 1 : 1 1
7 / 1 8 /9 6 15 : 1 9 3 1 1 7 2 28 0 4 2 32 0 8 7 /1 9 / 9 6 1 : 4 5
7 / 1 8 /9 6 15 : 1 9 3 18 6 7 2 8 7 3 7 3 1 3 8 7 /1 9 / 9 6 2 : 1 8
7 / 1 8 / 96 15 : 2 0 3 03 12 2 7 1 8 2 3 3 7 /1 9 / 9 6 2 : 5 2
7 / 18 /9 6 15 : 3 0 2 5 6 7 9 2 2 5 4 9 3 8 9 6 7/ 1 9 / 9 6 3 : 3 2
7 / 1 8 / 9 6 15 : 3 0 2 9 1 9 7 2 6 0 6 7 3 4 2 5 7 /1 9 / 9 6 4 : 0 8
7 / 18 /9 6 15 :3 1 2 6 0 9 2 2 2 9 6 2 3 8 3 3 7/ 1 9 / 9 6 4 : 4 7
7 / 1 8 /9 6 15 : 3 1 2 5 9 2 9 2 2 7 9 9 38 5 7 7 /1 9 / 9 6 5 : 2 7
7 / 18 /9 6 15 : 3 2 2 72 2 6 2 4 0 9 6 3 6 7 3 7 /1 9 / 9 6 6 : 0 5
7 / 1 8 /9 6 15 : 4 8 2 4 8 3 4 2 1 7 0 4 4 0 2 8 7 /1 9 / 9 6 6 : 4 7
7 / 18 /9 6 15 : 4 8 2 7 6 3 2 2 4 5 0 2 3 6 1 9 7 /1 9 / 9 6 7 : 2 4
7 / 1 8 / 9 6 15 : 4 9 2 8 1 1 9 24 9 8 9 35 57 7 /1 9 / 96 8 : 0 1
7 / 1 8 /9 6 15 : 4 9 2 6 8 5 6 2 3 7 2 6 37 2 4 7 /1 9 / 96 8 : 39
7/ 1 8 /9 6 15 : 5 0 26 1 27 2 2 9 9 7 38 2 9 7/ 19 /96 9 : 19
M ID
C O U N T E LA P S E D R A D O N
T IM E T IM E C O N G
(d a y ) (p C i / L)
3 5 2 6 5 5 6
3 5 2 6 5 5 8
3 5 2 6 5 6 1
3 5 26 5 6 4
3 5 2 6 5 6 6
3 5 2 6 5 6 9
3 5 2 6 5 7 2
3 5 2 6 5 7 5
3 5 2 6 5 7 9
3 5 2 6 5 8 2
3 5 2 6 5 8 5
3 52 6 5 8 8
35 26 5 9 2
3 5 2 65 9 5
3 5 2 6 5 9 6
3 52 66 0 2
3 5 2 6 6 0 5
3 5 2 6 6 0 9
3 5 2 6 6 1 2
3 5 2 5 6 1 5
3 5 2 6 4 8 9
3 5 2 6 4 9 1
3 5 2 6 4 9 4
3 5 2 64 9 6
35 26 4 9 9
3 52 65 0 1
3 5 2 6 5 0 4
3 52 6 5 0 6
3 5 2 6 5 0 6
3 5 265 1 1
3 5 2 6 5 13
3 5 2 6 5 1 6
35 2 6 5 19
3 5 2 6 5 2 1
3 5 2 6 5 2 4
3 5 2 6 5 2 7
3 5 2 6 5 3
3 5 2 6 5 3 2
3 5 2 6 5 3 5
35 265 3 7
0 9 2 8 2 7 8
0 9 5 6 6 9 4
0 9 8 4 0 6 9
1 0 1 0 5
1 0 3 6 1 5 3
1 0 5 4 4 7 9
1 0 8 5 8 6 5
1 1 1 7 3 4 7
1 1 4 9 6 3 9
1 1 8 1 2 8 8
1 2 0 15 8 7
1 234 4 1 3
1 2 67 6 6 7
1 3 0 1 4 6 5
1 3 3 6 1 6 7
1 3 60 285
1 3 9 3 9 7 6
1 4 2 7 4 0 6
1 4 6 13 6 5
1 4 9 5 2 6
0 2 6 2 8 6 5
0 28 8 0 2 1
0 3 1 15 9 7
0 33 3 5 8
0 3 59 78 1
0 3 7 39 4 8
0 3 9 9 0 6 6
0 4 2 35 8 3
0 4 4 6 7 4 3
0 4 6 9 0 9 7
0 4 8 ^ 6 5
0 5 14 4 9 7
0 5 3 9 4 6 9
0 5 6 7 1 6 3
0 5 9 3 4 9 7
0 6 10 3 19
0 6 3 7 4 3 4
0 6 6 2 6 4 9
0 6 8 8 4 5 8
0 7 15 17 7
2 5 6 2 5 14
2 5 4 7 0 3 9
2 5 8 7 5 6 6
2 6 2 7 7 12
2 6 9 0 9 9 2
2 4 2 8 1 9 3
2 2 8 2 9 9 8
2 3 0 0 6 3 4
2 2 1 5 8 0 2
2 4 3 5 2 8 6
2 18 5 5 2 4
2 2 7 8 5 2 8
2 1 62 36 4
2 1 9 2 0 7 9
2 1 9 8 4 0 6
23 0 1 0 07
2 2 8 6 7 2 1
2 2 2 8 40 3
2 2 7 1 9 3 8
2 2 5 3 0 4 3
2 5 9 7 73 8
2 7 7 1 5 4 7
2 6 8 8 2 0 3
2 6 9 8 6 6 5
27 0 7 5 5 6
29 8 3 0 9
2 6 6 3 25 6
2 7 26 7 7 2
2 7 4 4 0 9
2 73 1 74 9
2 5 2 1 5 8 6
2 6 0 0 3 8 8
25 7 0 78 6
2 5 8 3 8 3
25 3 8 0 4
2 5 0 2 1 8 7
2 5 3 1 7 3 2
25 9 1 4 9 6
25 5 4 6 2 3
25 3 1 6 4 4
8 2
T a b le A 10 : S p e c ia l T e s t # 5 - R a w D a t a
S A M P L E P R E -
D ES IG N A W E IG H T
( g m )
B A C K
BAC K
B A C K
B A C K
R A D O N S T D
1 - 1 U N C
P O S T - S A M P L E S A M P L E
W E IG H T W E IG H T T IM E
(g m ) (g m )
2 - 1 U N C
3 - 1 U N C
4 - 1 U N C
1 - 1 A E PA
2 - 1 A E PA
3 - 1 A E P A
4 - 1A E PA
2 5 3 7
2 5 5 7
2 5 4 8
2 5 4 4
2 5 5 7
2 5 3 3
2 5 2 5
2 5 5
25 5 1
2 5 3 5
2 5 2 6
2 5 4 6
2 5 5 3
2 5 1 6
25 3 4
2 5 4 3
25 2 2
25 4 2
2 5 4 5
2 5 4
3 4 6 7
3 5 3 6
3 5 7 3
3 5 2 7
3 4 5 9
3 5 9 3
3 5 8 1
3 5 8 5
35 0 3
3 4 5 2
3 4 6 1
3 4 3 7
3 4 8 3
34 6 2
3 5 3 7
3 5 1 6
3 5 1 3
3 5 13
3 4 9 7
3 5 1 2
9 3
9 7 9




1 0 5 6

































8 /6 /9 6
8 /6 /9 6
8 /6 /9 6
8 /6 /9 6
8 /6 / 9 6
8 /6 /9 6
8 /6 /9 6
8 /6 /9 6
8 /6/ 96
8 /6 /9 6
8 /6 /9 6
8 /6 / 9 6
8 I& 9 6
8 /6« 6
8 /6 /9 6
8 /6 / 9 6
8 /6 /9 6
8 /6 /9 6
8 /6 « 6
8 /6 /9 6
8 /6 / 9 6
8 /6/ 96
8 /6 / 9 6
8 /6 /9 6
8 /6 / 9 6
8 /6 / 9 6
8 /6 / 9 6
8 /6 / 9 6
8 /6 /9 6
8 /6 /9 6
8 /6 / 9 6
8 /6 /9 6
8 /6 / 9 6
8 /6« 6
8 I& 9 6
8 /6/ 96
8 /6 / 9 6
8 /6 /9 6
8 /6 /9 6









C O U N T
T IM E
(m i n )
3 1 9 8 5 0
3 1 9 8 5 0
3 2 2 5 0
3 2 5 0
7 3 3 8 6 9 1 3 7
1 4 0 0 2 6 6 1 1 2 3 4 0 7 3 7 5 9
1 4 :0 0 2 7 4 7 3 2 4 2 6 9 3 6 4
1 4 :0 0 2 8 9 9 4 2 5 7 9 34 4 9
1 4 :0 1 2 8 1 5 4 2 49 5 35 5 3
1 4 :0 1 2 6 0 7 7 2 2 8 7 3 38 3 6
1 4 :2 0 2 9 8 15 2 6 6 1 1 33 5 4
1 4 :2 0 29 5 39 2 6 3 3 5 33 8 6
1 4 :2 0 2 8 9 2 7 25 7 2 3 3 4 5 7
14 :2 1 2 77 17 245 13 36 0 9
1 4 :2 1 2 5 5 4 6 2 2 3 4 2 3 9 1 6
1 4 :3 0 24 6 9 4 2 1 4 9 4 0 5
1 4 :3 0 2 3 9 0 6 2 0 7 0 2 4 1 8 3
1 4 :3 0 2 4 2 0 4 2 1 0 4 1 3 2
1 4 : 3 1 2 55 6 7 2 23 63 3 9 1 2
1 4 :3 1 26 1 5 7 2 2 9 5 3 38 23
1 4 :5 0 24 7 0 4 2 1 5 40 4 8
1 4 :50 2 5 1 7 6 2 1 9 7 2 39 7 4
1 4 : 5 0 24 0 1 7 20 8 1 3 4 1 6 5
1 4 :5 1 2 3 7 5 7 2 0 5 5 3 4 2 1 1
1 4 :5 1 2 4 4 0 8 2 1 2 0 4 40 9 7
1 4 :0 5 2 6 1 2 1 2 4 9 1 7 3 5 5 6
1 4 05 26 7 72 2 35 68 3 7 3 6
1 4 : 05 27 8 8 6 2 4 6 8 2 3 5 8 6
1 4 :0 5 2 7 6 3 2 2 4 4 2 8 36 1 9
1 4 :0 5 28 1 06 24 9 0 2 35 5 9
1 4 : 15 2 8 1 14 24 9 1 35 5 7
1 4 : 15 2 7 1 6 7 2 3 9 6 3 36 8 2
1 4 : 15 2 73 0 1 2 4 0 9 7 3 6 5 4
1 4 15 2 7 5 0 3 2 4 2 9 9 3 6 3 6
1 4 15 2 7 6 7 6 2 4 4 7 2 36 1 4
1 4 :3 5 2 5 4 8 4 2 2 2 8 3 9 2 4
1 4 :3 5 25 4 9 3 222 8 9 39 23
1 4 :3 5 2 5 5 8 2 2 2 3 7 8 3 9 0 9
1 4 :3 5 2 5 5 13 2 2 3 0 9 3 9 2
14 :3 5 25 1 3 2 2 19 28 39 7 9
14 :4 5 246 69 2 14 65 4 0 5 4
1 4 :4 5 2 40 2 0 7 9 6 4 1 6 7
1 4 :4 5 2 38 4 9 2 0 6 4 5 4 1 93
1 4 :4 5 2 4 2 4 8 2 10 4 4 4 1 2 4
1 4 4 5 23 2 3 2 0 0 2 6 4 3 0 6
F IN IS H E D M I D
C O U N T C O U N T
T IM E T IM E
8 /6 /9 6 1 6 :3 7
8 /6 /9 6 1 7 :2 8
8 /6 /9 6 18 : 19
8 /6 /9 6 1 9 : 1 1
8 /6 /9 6 1 9 : 1 3
8 /6 /9 6 1 9 :5 2 3 5 2 8 3 8 1
8 /6 /9 6 2 0 :2 9 3 5 2 8 3 8 4
8 / 6 /9 6 2 1 :0 6 3 5 2 8 3 8 7
8 / 6 /9 6 2 1 :4 2 3 5 2 8 3 8 9
8 / 6 /9 6 2 2 : 2 2 3 5 2 8 3 9 2
8 /6 /9 6 22 :5 7 3 528 3 9 4
8 /6 / 96 23 :3 2 3 5 2 8 3 9 7
8 / 7 /9 6 0 :0 8 3 5 2 8 3 9 9
8/ 7/96 0 :45 3 528 4 0 2
8 / 7 /9 6 1 :2 5 3 5 2 8 4 0 5
8 / 7 / 96 2 :0 7 3 5 2 8 4 0 7
8 / 7 / 96 2 :5 0 3 5 2 8 4 1
8 / 7 / 96 3 :3 3 3 5 2 8 4 1 3
8/ 7 /96 4 : 13 3 528 4 1 6
8 / 7 /96 4 :5 2 3 5 2 8 4 19
8 / 7 /9 6 5 : 3 4 3 5 2 8 4 2 2
8 / 7 /9 6 6 : 1 5 3 5 2 8 4 2 5
8 / 7 /9 6 6 :58 3 528 4 28
8 / 7 /9 6 7 :4 1 3 5 2 8 4 3 1
8 / 7 /9 6 8 :2 4 3 528 4 3 4
8 / 7 /9 6 9 :0 0 3 5 2 8 4 3 6
8/ 7/ 96 9 : 3 9 3 528 4 3 9
8 / 7/ 96 10 : 1 6 3 5 2 8 4 4 2
8 / 7/9 6 1 0 :5 3 3 5 2 8 4 4 4
8 / 7 /9 6 1 1 :3 0 3528 4 4 7
8 / 7/ 9 6 1 2 :0 7 3 52 8 4 49
8 / 7 /9 6 1 2 : 45 352 8 4 5 2
8 / 7 /9 6 1 3 : 2 3 3 5 2 8 4 5 4
8 / 7/9 6 1 4 :0 0 3 5 2 8 4 5 7
8 / 7 /9 6 1 4 :3 8 3 5 2 8 4 6
8 / 7 /9 6 1 5 : 1 8 3 5 2 8 4 6 2
8 / 7/ 96 1 5 :5 8 3 5 2 8 4 65
8 / 7 /9 6 1 6 : 3 9 3 5 2 8 4 6 8
8/ 7 /9 6 1 7 : 1 9 3528 4 7 1
8/ 7/96 1 8 :0 0 3 5 2 84 74
6/ 7/96 18 : 4 2 352 84 77
8 / 7/9 6 19 : 2 5 3 5 2 8 4 7 9
8 / 7 /9 6 2 0 :0 8 3 5 2 8 4 8 2
8 / 7 /9 6 2 0 :5 0 3 5 2 8 4 8 5
6 / 7 /9 6 2 1 : 3 5 3 5 2 8 4 8 8
E L A P S E D RA D O N
T IM E C O N C
(d a y ) (pC I /L )
0 2 3 1 ;» 2
0 2 5 75
0 2 8 3 16 3
0 3 0 7 8 0 2
0 3 3 4 5 9 7
0 3 4 7 3 8 2
0 3 7 1 5 7 6
0 3 9 6 3 3
0 42 0802
0 4 4 7 5 1 4
0 4 6 9 9 6 5
0 4 9 9 3 6 5
0 5 2 9 4 0 3
0 5 5 7 2 5
0 5 8 4 6 4 2
0 5 9 9 8 3 3
0 6 2 8 5 6 3
0 6 5 7 7 6
0 6 8 6 7 6 7
0 7 1 7 0 2 4
0 7 7 5 8 4 7
0 80 2306
0 8 2 8 5 2 1
0 8 5 4 10 1
0 88 0 0 0 3
0 8 9 8 7 6
0 9 2 4 7 1 5
0 9 5 1 16 7
0 9 7 6 9 5 8
1 0 0 3 4 2 4
1 0 1 6 2 3 6
1 0 4 4 0 1 7
1 0 7 2 5 3 8
1 10 0 2 78
1 1285 4 5
1 15 050 7
1 1 7 9 9 7 6
1 2 0 9 7 4 7
1 2 3 9 15 3
1 2 6 9 7 7 1
7 1 9
2 5 2 7 18 2
2 5 7 7 0 1 4
2 6 1 1 2 4 4
2 6 2 1 5 5
2 6 0 1 3 8 2
2 5 9 5 52
2 5 9 8 2 8 4
2 70 3 9 14
2 5 7 0 9 3 2
2 4 3 5 1 8 3
2 4 74 9
2 4 1 8 3 8 8
2 5 4 4 6 1 8
2 4 7 5 59 9
2 3 9 6 9 7 9
2 4 1 7 6 7 6
2 3 4 9 7 3
2 3 7 9 1 7 4
2 4 1 7 2 6
2 6 5 7 7 4 2
252 5 9 4 7
2 6 5 7 9 53
2 6 4 2 8 3 6
2 70 6 8 0 8
2 7 1 6 9 0 6
2 6 2 5 9 5 4
2 6 5 3 3 4
2 6 8 8 13
2 7 2 0 2 9 8
2 4 8 2 4
2 4 9 5 9 5
2 5 1 8 9 16
2 5 2 3 8 1 8
249 3 4 69
2 4 50 5 65
23 8 6 9 14
23 8 2 4 15
2 4 4 1 4 4 9
23 3 6 2 8 6
8 3
T a b le A 10 : S p e c i a l T e s t # 5 - R a w D a t a ( c o n t i n u e d )
S A M P L E P R E -
D E S I G N A W E IG H T
(g m )
1- 1 B E P A
2 - 1 B E P A
3 - 1 B E PA




1 6 5 2
1 6 6 6
1 6 7 5
1 6 5
1 6 4 7
16 6 9
1 6 8 1




1 6 7 2
1 6 8 2
1 6 6 5
16 72
16 6 3






1 6 5 5
1 6 4 5
16 48
1 6 6 4
1 6 3 9
1 6 7 1
16 4 8
P O S T -
W E IG H T
(g m )
2 6 8 3
2 6 9 3
2 7 1 8
2 7 2 3
2 7 0 2
2 6 9 1
2 7 2 7
2 7 3 9
2 6 49
2 7 1 8
2 7 1 2
2 7 0 2
2 7 0 9
27 36
2 7 1 7
27 58
2 7 3 4
2 7 15
26 96
2 6 9 5
2 6 9 7
2 6 7 6
2 6 5 8
2 6 5 9
26 6 9
26 9 4
2 6 4 8
2 6 9 6
2 7 1
S A M P L E
W E IG H T
( g m )
1 0 3 4
1 0 4 1
1 0 5 2
1 0 4 8
1 0 5 2
1 0 4 4
1 0 5 8
1 0 5 8
1 0 0 6
1 0 5 1
1 0 6 3
1 0 3 2
1 0 3 7
10 5 4
1 0 5 2
10 86
1 0 7 1




1 0 5 7
1 0 2 6
1 0 0 3
1 0 1 4
1 0 2 1
10 3
1 0 0 9
1 0 25
10 6 2
S A M P L E
T IM E
8 /6 /9 6
8 /6 /9 6
8 /6 /9 6
8 /6 /9 6
8 /6 /9 6
8 /6 « 6
8/6 /9 6
8 /6 /9 6
8 /6 /9 6
8 /6 « 6
8 /6 /9 6
8 /6 /9 6
8 /6 /9 6
8 /6 /96
8 /6 / 9 6
8 /6 /9 6
6 /6 /9 6
8 /6 /9 6
8 /6 /9 6
8 /6 /9 6
8/6 /9 6
8 /6 /9 6
8 /6 /9 6
8 /6 /96
8/6 /9 6
8 /6 /9 6
8 /6 /9 6
8 /6 /9 6
8 /6 /9 6








1 4 : 1 0
1 4 : 1 0
1 4 : 1 0
14 : 1 0
1 4 : 1 0
1 4 : 1 7
1 4 : 1 7
1 4 : 1 7
1 4 : 1 7
1 4 : 1 7
1 4 :3 5
1 4 : 3 5
1 4 :3 5
1 4 : 35
1 4 :3 5
1 4 : 4 7
1 4 : 4 7
1 4 : 4 7
1 4 : 4 7
1 4 : 4 7
1 5 : 00
1 5 : 0 0
1 5 :0 0
1 5 : 0 0
1 5 : 0 0
1 5 :0 3
1 5 :0 3
1 5 : 0 3
1 5 : 0 3
1 5 :0 3
2 45 6 4
2 4 3 8 4
2 4 3 2 9
25 1 45
2 4 8 8 1
2 4 5 9 1
2 55 1
25 9 9 7
2 4 3 2 4
2 5 3 4 9
230 0 8
2 2 5 0 2
2 2 7 6 6
230 9 7
2 3 0 2 8
2 3 0 1 2
2 2 9 5 2
2 2 2 8 6
2 1 8 8 1
2 1 5 15
19 5 36
19 0 7 2
18 5 16
1 75 1 4
1 7 6 3 4
1 70 9
16 7 86
15 6 3 6
15 4 5 4
15 6 4 6
2 1 3 6
2 1 1 8
2 1 1 2 5
2 19 4 1
2 1 6 7 7
2 13 8 7
2 2 3 0 6
2 2 7 9 3
2 1 1 2
2 2 1 4 5
1 9 6 04
192 9 8
1 9 5 6 2
198 93
1 9 8 2 4
1 9 8 0 8
1 9 7 4 8
1 9 0 82
1 8 6 7 7
1 83 1 1
1 63 32
1 5 8 6 8
1 5 3 1 2
14 3 1
1 4 4 3
1 3 8 8 6
1 3 5 8 2
1 2 4 3 2
1 2 2 5
1 24 4 2
CO U N T
T IM E
(m in )
4 0 7 3




4 0 6 7
3 9 2
3 8 4 7
4 1 1 2
3 9 4 5
4 3 4 8
4 4 4 4
4 3 9 3
4 3 3
4 3 4 3
4 3 4 6
4 3 5 7
4 4 88
4 5 7 2











F IN IS H E D
C O U N T
T IM E
8 / 7 /9 6 2 2 : 1 7
8 / 7 / 9 6 2 2 : 5 9
8 / 7 /9 6 2 3 : 4 1
8 /8 /9 6 0 : 2 2
8 /8 /9 6 1 :0 4
8 /8 /9 6 1 : 4 6
8 /8 / 96 2 : 2 6
8 /8 / 9 6 3 : 0 6
8 /8 / 9 6 3 : 4 8
8 /8 /9 6 4 : 2 9
8 /8 / 96 5 : 1 4
8 /8 /9 6 5 :5 9
8 /8 / 96 6 :4 5
8 /8 /96 7 : 29
8 /8 / 96 8 : 1 4
8 /8 / 96 8 :5 8
8 /8 / 9 6 9 : 4 3
8 / 8 /9 6 10 29
8 / 8 /9 6 1 1 : 1 6
8 /8 /9 6 12 : 0 4
8/ 8/ 96 12 : 56
8 / 8 / 96 13 : 4 7
8 /8 /9 6 1 4 : 3 8
8 / 8 / 9 6 15 : 2 9
8 /8 / 96 16 : 2 1
8 / 8 / 9 6 17 : 1 2
8 /8 /9 6 18 :0 3
8 / 8 / 9 6 18 : 54
8 / 8 /9 6 19 : 4 5
8 / B / 96 2 0 : 3 7
M ID
C O U N T
T IM E
3528 4 9 1
3 5 2 8 4 9 4
3 5 28 4 9 7
3 5 2 8 5
3528 5 0 3
3 5 2 8 5 0 6
3 528 5 09
3 5 2 8 5 1 2
3 5 28 5 14
3 5 28 5 1 7
35 285 2
3 52 8 5 2 3
3 5 2 8 5 2 7
35 285 3
3 52 8 5 3 3
3 5 28 5 3 6
3 5 2 8 5 3 9
352 85 4 2
3 5 28 5 4 5
3 5 2 8 5 49
352 85 5 2
3 528 5 5 6
3 5 28 5 5 9
352 8 5 6 3
3 5 2 8 5 6 6
3 5 2 8 5 7
3 528 5 73
3 52 8 5 7 7
3 5 2 8 5 8 1
3 5 28 5 8 4
E L A P S E D
T IM E
( d a y )
1 3 2 40 5 2
1 35 3 12 2
1 38 2 2 5
1 4 1 1 19 1
1 4 40 2 0 8
1 4 6 4 3 5 1
1 4 92 63 9
1 5 2 0 6 7
1 5 4 8 9 1 7
1 5 7 7 9 6 9
1 5 9 5 3 19
1 6 2 6 2 3 6
1 6 5 8 3 5 8
1 689 1 3 2
1 7 20 3 3 7
1 7 4 2 5 4 9
1 7 7 3 7 6
1 80 52 5
1 8 3 7 5 9 7
1 8 7 0 6 6 7
1 896 52 8
1 9 3 1 9 4 4
1 9 6 7 3 6 1
2 0 0 2 7 7 8
2 038 8 8 9
2 0 7 2 2 2 2
2 1 0 7 6 3 9
2 1 4 3 05 6
2 1 7 8 4 7 2
2 2 1 4 5 8 3
R A D O N
C O N C
( p C I/L )
2 5 5 5 5 1 5
2 5 3 0 2 4 9
2 5 1 0 5 2 1
2 6 3 1 2 2 6
26 0 3 3 5 1
2 5 9 9 5 6 5
26 8 9 1 57
2 7 6 1 8 7 8
2 70 5 2 6 6
2 72 9 4 5 5
2 4 20 9 7 1
2 4 4 3 6 4 7
2 4 7 9 5 4
24 9 4 7 1 5
2 5 0 4 9 2 8
2 4 3 4 3 3 6
2 4 7 4 9 2 7
2 4 1 1 9 1 7
2 4 1 5 32 8
2 4 2 1 4 5
2 1 55 2 98
2 0 7 3 6 6 6
2 0 7 4 7 5 4
19 9 6 2 3 2
2 0 0 4 2 2 2
19 2 7 0 5 9
18 8 0 4 4 5
1 7 6 8 3 7 5
1 7 2 6 3 4 3
1 70 3 4 3 5
8 4
